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ABSTRACT

This is the fourth quarterly report in a program designed to collect and
disseminate previously unpublished materials data obtained during recent
years by Chance Vought Corporation, The informetion contained in this
report consists primerily of physical property data on some engineering
materials., Although physical property date is of primary concern in this
report, there is some information presented on mechanical properties.

Materials covered in this report are ablation materials, electrical coat-
ings, fiberglas, graphite, laminates, potting compounds, steel and zirconia,

This 1is Volume II of a three volume report, the remeining volumes are as
follows:

Volume I - CVC Report No. 2-53’420/23373 "Mechanical Properties of Some
Engineering Materials - Umpub-
lished Data From Company Sponsored
Programs"

Volume III - CVC Report No. 2-53420/2R375 "A Correlstion of Properties for
Various Formulations of Sintered

Zirconia - Unpublished Data From
Company Sponsored Programs"”
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Physical Progerties
Ablation Neterials

SCREENING OF ABLATION MATERIALS IN A M0 XV PLASMA JEP USING
THE COLD WALL SHIELD MOVING SPECDHON TICHNIQUE
INTRODUCTION

Aocoxding to the litersture, reinforced plastic msterials exhibdt abletion

characteristics capable of withstanding extrems tempersture for shoxt periods
of time.

OBJECT

To determine the ahlation characteristics of a group of reinforced plastie
materials.

CONCLUBIONS
As showm by the very high Q* valus (adlation efficiency), the cross-ply lemi-

nated quartz phenclic matexrial is superior to all other materials tested
under the conditions of this evaluation.

PROCEDURE
m'mmwnwwmmmnn 80% nitrogen, 20§
nft The exposure time was 120 seconds at uueid.tnux
ofasom'(l/ﬂ;-uecnd
MATERIALS

1. R-120 phemoclic resin - Coast Mfg. and Supmly Co., Livermore, Califormis.

2. 181 fiverglass F-120 phenclic pre-pregasted - Coast Mfg. and Supply Co.,
Livermore, Califormia.

3. 581/12-00 fiber quarts c¢loth - Hess Coldsmith smd Co., Imec., New York, N.Y.

k. C-100-29 refrasil cloth phemoliec rod - H. I. Thompson Fiber Glass Co.,
1733 Cordova Street, Los Angeles T, California.

5. Fiberglass phemolic rod; formica FF-34 - Stemdard Parts and Bquipmemt
Corporation, 90k North Main, Ft. Worth, Texss.

6. Fiberglass silicom rod - H. I. Thompson Fiber Glass Co., Los Angeles, Cal.
T. HNylom cloth - Wellington Sears,Mdse. Mart, Dalles, Texas

8. Chopped fiberglass F-122 phemolic - Coast Mfg. aad Supply Co., Los Angeles
9. MX-1801 cersmic fibsr reinforced phemolic



10. MX-L344-67 quartz fiber reinforced phenolie

11. MX-1370 graphite and ceramic fiber reinforced phenolic

12. MX-2549 quartz fiber zirconium oxide and carbon reinforced phenolie
13. MX-2625 silica fabric reinforced phenolic

1k. MX-2630 graphite cloth reinforced phenolic

15. 2630a graphite cloth and mineral filler reinforced phenclic - 9 through
15 - The Fiberite Corporation, Winona, Minnesota.

SPECIMERS

The specimens were molded into a 1/2 inch diapeter rod configuration. The
specimens fabricated at CVC were molded in a Carver laboratory press.

Molding conditions are showm in Table I.
RESULTS

The test results are presented in Table II.



TAbLE 1

-Ample Description j Specirmn Reinforcement T M 1ding ‘ﬁ
: Nurber Direction . Temperature °F |
t T =
. |
"1y, Pheroli: Resin ' b Nons i 300 |
; s |
e o ‘poeg P ! RO0 i
| Quarts Pheno.ic p Cross Ply ‘ 3%0
 Pefrasil Phenolic ' Y Cross Ply f VB
| Glaes Phenolic < R0lled rertical Pl 1 VB
| ' !
[Glass 2Alizon 6 2olled rertical Ply VE
'rlen Phenolic 7 ~ross Ply 300
N .opped glase iabric 3 gandon 30U ]
| prenulic 1
“orped quartz fRhric 2 Qe pAnm 200
ro.eanolice .
Quar'z fiber prenolic 1¢ iandom 300
“cpped silica fabric 1 Randon. 300 !
phetolic .
i
'
leranic fiber phenolic 12 Randcm 200
Topred grapi i e ciotl i3 {anaom 300 z’
penolic ;
" opped grap:..ie cloth 14 Randon 300
wioegal Tiller pleacl.c ,
Srantite ceramir fiher 18 mandnm 290 '
prerolice
RLiarts fivor sircondus ! ML Dacdom GO
A¥iAe ~prhon phennlin -




TABLE 1
Reinforcement T Molding T Wldlng | olding :
Direction 1[ Temperature °F | Pressure PSI | Time MIN, |
; } —
‘ | ! i
None 500 | 1000 ‘ 30 ?
i |
orese Py ; R0 : 1000 30
Cross Ply | 300 | 1000 30
Cross Ply | VENDOR FABRICATED
R0lled rertical Ply - YENDOR FABRICATED |
Rolled vertical Ply ' VENDOR FABRICATED
oross Ply | 200 1000 | 30
gandon 30U ‘ 1000 ‘ 30
' |
Rendnm 200 1000 30
|
endom 300 ; 1000 | 30
Random 300 ! 1000 : %0
> l
Aandcm 300 1000 ! 30
fRandom | 300 : 1000 ! 30
! ! ! |
H | i
; i
Random 300 1000 5 20
‘ |
‘ i
Randnm 200 10 | 58
|
|
Raidow 00 1000 | 5
L I SRR o

W



TABLE IX

ABLATION RADIATION IN 40 XW PLABMA JET RO

Sample lspecuen Incident | Exposure ] Initial Final Weigl
: Z&m _Ous . s Gue .
100% Phenolic Resin 1 250 120 | 6.8836 L.6489 2.23L
Glass Phenolic 2 11.7450 8.2576 3.487
LA
Quartz Phepolic 12.6749 12.5124 0.16z
Refrasil Phenmolic L 10.4240 10.2386 0.185
Glass Phenolic 5| 10.3059 7.609% 2.701
| Glass Silicone 6 17.5219 13.4511 4.0T0
! Nylon Phenoljm 7 7.7567 8. TTTT 2.979
f -
| == ?
i
;L foem
| Random Reinforcement i
| Chopped Glass fabric ' |
{  pbenolic 8 | 12.43975 7.57674% 4.853
Chopped. quartz fabric ,
phenolic 9 1k bh5T2 1k .22560 0.220:
Quartz fibver phenolic 0 13.92748 13.66622 0.261
Chopped 8ilica fabric (
|  phenolic 11 % 15.737Th 15.56697 0.1707
}
! Ceramic fiber phenolic 2 14 94837 11.96858 2.9891
Chopped graphite eloth
phenolic 13 . 12.89602 11.6051k 1.,290€
Chopped graphite cloth ‘
miperal filler phemolic| 14 17.16597 16.22300 0.9429
Graphite ceramic fiber {
phenolic 15 ! 18.84325 17.98890 0.8543
Quarts fiber sirconium
___oxids carhon phenalic 16 e 1603490 15,7044 | Q.320L

#* Indicates ply direetion




TABLE II

4O XW PLABMA JET EXPOSURES IN 80% NITROGEN 20% OXYGEN

(/

Pinal Weight Weight Initial Final [ 1ength Q‘;—‘ Optical
Weight Loes Loss Length Loss Loss BIV/Lb. Temp. °F
O, | Gue. | _Oms/Sec In, In. In.
L.6489 2.2347 0.01862 13/4 11/ 1/2 8,303 3840
8.2576 3.4874 0.02906 1 15/16 13/8 1/2 5,320 3340
12.5124 0.1625 0.00135 2 3/8 2 3/8 0 114,520 3160
10.2386 0.1854 0.00155 1 15/16 1 15/16 0 99,740 3180
7.609% 2.7010 ! 0.0225 2 3/4 2 1/16 11/16 6,871 3340
13.b511 | 4.0708 I 0.03392 2 7/8 21/8 3/ 4,557 3000
Y. TTTT 2.9790 ' 0.02399 21/8 1 5/16 1/2 6,ukk 3260
7.57674 4.85301 | 0.0MOuL 2 1 3/16 13/16 38,229 3500
!
h.22360 = 0.22012 0.00183 2 11/16 2 11/16 0 84,481 3080
13.66622 |  0.26126 0.00218 2 1/2 2 1/2 0 70,917 3050
15.56697 0.17077 0.001k2 2 3/4 2 3/k 0 88,732 3050
!
1.96858 2.98979 |  0.02491 2 3/4 2 1/% 1/2 62,063 3360
|
1.60514 1.29088 'g 0.01076 2 15/16 2 3/b 3/16 14,368 3460
6.22300 0.94297 f 0.00786 2 13/16 2 3/4 1/16 19,669 3100
a
7.9869% 0.85435 |  0.00712 31/8 3 1/16 1/16 21,713 3060
|
S.obkd | 0.300k6 | 0,00267 _213/16 3 13/16 Q 57,9031 310




Physical Properties
Electrical Coatings

EVALUATION OF PROTECTIV.. ELECTRICAL COATINGE

INTRODUCTION

Electronic circuits function more reliably when protected from: moisture,
corrosion, fungus, and dirt. This protection may be obtained by coating
electromic circuits vith materials possessing suitable electrical and physi-
cal properties. Variocus protective materials have been screened a* CVC for
use on terminal and printed circuit boerds. Of the materials screened,

PR 905 and Eccocoat VE appear to satisfy the majority of the desired proper-

ties. In eddition, a nev product, P8 798 (previously XWCk5-4l), appeared
very promising in preliminary tests and is also evaluated herein.

OBJECT

To determine the best material for use in protecting printed circuit and
terminal boards.

CONCLUSION
All the materials tested appear to be satisfactory for this purpose. BEaeh
material has certain advantages and disadvantages over the other two. From
a production standpoint, however, PS 798 and Eccocoat VE were favored be-
cause of their longer working times.

MATERIALS

PR 905 protective coating material, manufactured by Products Research Co.,
3126 Los Pelix Blvd., Los Angeles 39, Califormia.

Eccocoat VE coating material, manufactured by Emerson & Cuming Corporation,
869 Washington Street, Canton, Mass.

P3S 798 coating material, manufactured by Coast Proseal Co., Los Angeles,
California.

PROCEDURE

I. Physical

a. Specific Gravity: BSpecific gravity wvas determined by water dis-
placenent method by the following formula:

Specific Gravity = (Weight in Airx)
(Weight in Air) - (Veight in Water)

b. Water Absorption: Three specimens of each material wvere prepared
as follows:

A 10 mil film with an area of 2 8q.in. was cast on a 2 3/8 in. x
2 in. x 0.064 in. alodined 7075-T6 aluminum panel. The specimen




d.

Physical Properties
Electrical Coatings

panels vere veighed to the nesrest 0.1 milligram before and after
application of the coating material. The specimens were totally
submerged in distilled water at room temperature for 2h hours.
After the soak period the specimens were removed from the water,
blotted, and reweighed.

Mhesiou: Three specimens of each material were prepared per
paregraph 6.9, reference (a). Bondline thickness was held to
approximately 10 mils. Tail material was 6-ounces Dynel. Panel
material wvas 3/32" MIL-P-18177 laminated board. REach specimen was
tested in 90° peel on a Scott tester jaw seperation of 2" per
minute.

Lov Temperature Flexibility: Three specimens of each material

were prepared by applying a 10-mil film om 1" x 6" x 0.064" alodined
T7075-T6 aluminum panels. The cured specimens were soaked at -65°F
for 2 hours. While still at -65°F, the specimen ends were deflected
1/8" from the center plane.

Cycling: Three specimens of each material were prepared by applying
a 10-mil film on the circuit side of printed circuit boards (MIL-P-
18177). After curing, each specimen vas given five test cycles.
Each cycle consisted of the following:

1. Humidity - One hour in humidity chambers at 92% relative
hmidity and 160°F temperature.

2. High temperature - one hour at 300°F

3. Low temperature - one¢ hour at -65°F

IT. Electricals

Insulation Resistance (500 VDC): Nine specimens of each material
were prepared as follows:

Two bare #20 AWG copper vires were dipped to a depth of one inch

in the campound being tested. Wire spacing was maintained at

10 mils and the coating thickness on the outside of the copper vires
wvas 10 mils. Insulation resistance was determined on the cured
specimens. Three specimens of each material were subj.:ted to each
of the following environmental conditions:

1. Humidity: 92% relative humidity at 160°F. Specimens were
then removed from chamber to measure insulation resistance.

2. High Temperature (300°F): Specimens were tested vhile in the
oven at 300°F.

3. Lov Temperature (-65°F): Specimens were tested in cold box at
~65°F.




Physical Properties
Electrical Coatings

Insulation resistance of each specimen was measured at 2-hour
intervals for a total of 8 hours at each condition.

c. Volume and Surface Resistivity: Volume and surface resistivity
vas determined on approximately 10-mil thick specimens cured on
1/4" aluminum plates per MIL-§-8516.

d. Dielectric Stremgth: Two specimens of each material 10 and 20 mils
thick, respectively, were prepared ou a non-adherent surface. Di-
electric strength vas determined.

RESBULTS

Results of the test appear in Table I.



TARLE T

EVALUATION OF PROTECTIVE ELECTRICAL COATI

. I - n
DIELRCTRIC m“"s TH REBISTIVITY ’ sy |D-C: INSULATION RESISTAKCE
NATERIAL NELE e s
VOLT/MII, | THICKWESS Volume | Surface THICKNESS
(1m.) (omM-cM) | (OHM) As -Received After &
e ] e
Becocoat VE 250 0.020 0.636. | 8.4k T0.013 | 50,000
x 1012 x 1032 x 1l
Becocoat VE 810 0.008 0.785 7.85 | 0.015 50,000
x1 x 1012 | ;
Eceocoat VE 810 0.008 - - ; - . 50,000
Bscocoat VE 935 0.008 - ; - 50,000 1
! | ': !
PR-905 870 870 0.023 n.6 12.55. ! 0.01k |
x 1042 [ x 1012 !
PR-905 1075 0.013 23.1 1255 0.008 ?
x 1012 x 102 | , i
S U G S W ———— - _A.“,...,___.,w.g-_ - .
PB-TH 905 0.021 10.1 i 8.4y L 0,019 | 50,000 5 2
x 142 | x10ol2 | . .
’M-798 1250 0.010 1.3 ! 7.59 0.018 | 50,000 f 2
x 1032 t x 10+2 ! i !
PHYSICAL PROPERTIES
e
Water : i . ! ,
SPECIFIC | absorptt ADHESION | -65°F CYCLING | | MATERIAL | €0
MATERIAL GRAVITY da;”:n“ lb/tn. | Flex. | | |
Beooooat VE 1.0387 0.0116 10 AF | Passed |  Darkened || Eccocost VE! 1
. o } Hardened j U ax
Signt darken- | }
n . 3 . i
: i c1
| Darkcned ] PR-905 an
’-796 1.036 0.0024 T AP | Passed J Hardened : i i
e ke et — ;
(1) Coast Preseal claims to hsve elimi- /\ | @
nated the air entrapment problem. / | PS-790 an

This fact was evidenced by a later

ssuple.

—



PARLE I

CTRICAL COATINGS - ELECTRICAL PROPERTIRS

"'| - , - - . - .- B
; o) eycle 1 kilocycls : l megacyclo
B |- ey e .- e v [, e
A o) ] N | T " ] | swrz
B Dielectric | Power | Dielectric - Power . Dielectric ' Power |THICKNESS
| Aftar & hours at 300°F E Constaat  : Factor  Comstamt | Factor  Comstant ' Pactor |
. i
ket S TR g e mee e —+--
1.5 | t.ook ! o.z‘r,' ;’ 73 1 0.1045 2.95 10.065 . 0.013
j '; ) 5 o ‘ : &
i 1.5 b a3 o.268 LA 0,090 3.37 0.061 | 0.015
| { 5 ' : ,
' 1.5 - : - . - - - : - i -
| 1.5 - - - - - - -
' . j
i |
N . . . , . . . SIS S
3 L. CG.05h b, b3y C.0153 3.7% ‘ 0.0k9 . 0.01h
3 Y 0087 3.2 0.0156 3.19 10,056  0.018
-; - ' . . .o -y R Fo e
2C S (. Old 5,57 0, QU8 3.71 »0.1135 | 0.019
f oots |
: 20 5.5 S 5.7A 0.0530 4,31 10,065 | 0.018
VRS EF AT onu
i ! : [ hax A oname HEANTILING :
ERIAL | COLOZ i {IGIDITY . ClURE | WORE LIFE © rY | CHARACTER- . DISAIVANTAGRS .
1 _ X . N | » | WEICHY - ISTICS X o %
B i . ‘ I
xoat VE’ Clear P Clightly & wars at » 3-h hours 1:1 A Cood ! No apparent dis- |
{ amber 1 flexidle '{S°F or 1 nour, ‘ advant ages f
, ' at 150°F ‘ i |
4 : e : ; ‘ G ]
] Clear . Blightliy ' hours at A, | Doss not wet ;
205 | amber ' flexdtle I5°F 0530} hour :25-30 mim. 1ol food ourfece easily |
! ‘ a%t L ¥ ' : ; ’l ‘
| 3 ‘ i
: | <b uours at . | Hard to remove l'
Clear . Blightly o R 1.1 C food | ,
TH . lmver | fledble  TOO femRerRc ¢ fours - ) a?r__in_@x,.(”“ s
:
i
a8
[}
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Physical Properties
Piberglass

THERMAL CONDUCTIVITY OF HONEYCOMB SANDWICH PANELS
IRTRODUCTION

In order to retard heat buildup from serodynsmic heating, s protective low
conductivity structure is beneficial. To establish criteria for design, the
thermal conductance of proposed materials must be determined. The purpose
of this test is to determine the thermal conductance of fiberglass honeycomb
structure.

OBJBCT

To determine the thermal conductance of two fiberglass honeycomb specimens
vith different face thicknesses and the same overall thickness.

CONCLUSION
The thermal conductance incremsed with incressed face thickness (decremsed
core thickness). Apparently, most of the insulation effect of the honey-
comb sandvich is due to the core; hence, a thinner core has a lower insula-
tion value (higher conductance) for a given overall thickness.

PROCEDURE
1. VFiberglass Reinforced Phenolic Honeycomd Fabrication

A. Skin Fabrication

The following laminates were laid up parallel to the warp and
cured at .

51; One 6-ply P-120-11 9" x 17"
2) One 3-ply F-120-11 9" x 17"
(3) Two 1l-ply P-120-11 9" x 17"

B. Core Preparation

Tvwo 9" x 17" 5.5 pound density HRP fiberglass reinforced phenolic
cores vere milled to the following thicknesses respectively -
0.116" and 0.1h6".

C. Sandwich Fabrication

Panels were fabricated by bonding the skin laminates to the core
sections using Bloomingdale Rubber Company H2hk2h Adhesive.

One surface of each core section was the one ply skin. The six
ply laminate was bonded to the 0.116 core and the three ply lami-
nate was bonded to the 0.146 core, thus the overall thickness of
both specimens was approximmtely the same.



II.

Thermal Conductivity Measurements

A'

B.

C.

The thermal conductance of all specimens was measured on a
guarded hot plate apparatus conforming to ASTMC-1T7T-kS.

The guarded hot plate unit consists of a central metered
heater section four inches square. This section is heated by
a chromel "A" resistance vire of approximately 19-ohms re-
sistance, maximm wattage is spproximately 720 wvatts at 120
volts. A 1,000 wvatt guard heater section surrounds the central
heater section. A 1/8" air gap separstes the guard and central
heater face sections. A precise temperature balance between
the metered and guard sections is achieved by a Browm drive
amplifier actuated by a differential thermocouple. The drive
amplifier regulates an sutotransformer supplying power to the
guard ring heater. This maintains the same temperature in
both the metered guard sections.

Identical specimens of the honeycomd panels were placed on
each side of the hot plate with the thicker face of each panel
toward the hot plate. The outer faces of each specimen were
cooled by 8" x 8" square water cooled copper cold plates.
Iron-constantan thermocouples were attached to each specimen
face vith catalysed epoxy resin or ceramic cement (Rusco T49).

Intimate thermal contact of the specimen face and heater sur-
face was achieved by insertion of soft asbestos paper layers.
The cold surface interlayer was also asbestos in the first test
of this report but wvas changed toc aluminum foil vhen 1t Decame
apparent that inadequate cooling resulted from use of asbestos
inserts at the cold face.

Sufficient power was applied to the central heater to maintain
the desired temperature differential between hot and cold faces.
The system was allowed to come, to thermal equilibrium, and
measurements were made on the hot and cold face temperstures-
as well as the power input. Thermal conductivity "K" was cal-
culated as follows:

K»
AT

Where: -
K = The thermal conductivity in

BIU - In.
ft.c - . -
qQ * power input to central heater in BIV/nr.
1 « thickness of specimen in inches
A = gaped Of the central heater (both hot faces)
T

the tempersture differential betwsen the hot
and cold face the specimen (average)

Qo



RESULTS
Test data are recorded in Table I and Gephs I and II.
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Physical Properties
Graphite

THERMAL SHOCK TEST OF COATED GRAPHITE

INTRODUCTION

The purpose of this evalustion is to determine the thermal shock resistance
of siliconized coated ATJ graphite,

OBJECT

To determine if siliconized coated ATJ graphite can resist a thermal shock
rate of 150 degrees per second when heated from room temperature to 3009'F

and also resist rapld cooling.
CONCLUSIOR

Siliconized coated ATJ graphite can resist a thermal shock rate of 150 degree
per second when heested from room temperature to 3000°F and also a rapid cooling
rate of 43,5 degrees per second from 3000 to Z000°F.

PROCEDURE

All thermsl shock testing was performed in the 40 KW Plasma flame. Temperatures
vere measured by radiation pyrometer end times were determined by stop watch,
The specimens were rods of ATJ graphite 1/2 inches in diameter and 1 1/2 inch
long which had been siliconize coated at Rational Carbon by the pack diffusion

process.

Specimens Number ¢ and T were preoxidized for S minutes at 3000°F in the

4

plasme flame using a gas mixture of 30% nitrogen and 20% oxygen.

The specimens were exsmined and weighed before testing for thermml sho®k.
The pre-oxidation treatment caused blistering of the surface contamd?iE®on,
The specimens were exposed to a thermel shock rate of 150 degrees per second
from room temperature to 3000°F and cooled slowly. Examination of the speci-
mens revealed no detrimental effects to the coating.

Specimens Number 8 and 12 were heated slowly to 3000°F in the plasme flame,

The flame was extinguished and & cooling rate of 43.5 degrees per second

from 3000 to 2000°F vwas determined. Inspection of the specimens after testing
revealed no detrimental effects to the coating, however, some blistering of the
surface contamination was observed. The specimens were then heated to 2000°F
for 1 hour in the Cooley furnace as an oxidation proof test. The small weight
loss 1s negligible and can be contributed to the oxidation of surface con-

tamination on the specimens.
RESULTS

The test conditions and weight changes are found in Teble I,
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Physieal Propexties
Graphkite

OXIDATION EVALUATION OF COAYED GRAPHITE

The purpose of this evalustion is to determine the high temperature espabilities
of silicomised conted ATJ gruphite in aa oxidizing atmosphere.

Fifteen l-insh cube specimans of ATJ graphite eunudbyt!ul.tundcm
potk diffusiom process and four l-imch cube specimens of ATJ greghite silicomised
by the Eational Carbom pack diffusion process but with a light gresm dusty sur-
face wvere submitted to the Structures Materials Laborstory for this imvestiga-
tion.

OBJECT
To determine the cxidstion resistance of siliocomised costed grephite at ele-
vated temperatures.

CONCLUBION

munemummuwwmmmcmmmnm
whieh formed a beta silicon carbide coating did mot oxidize vhen exposed to
3300°F for 1 hour in am air atmosphere.

which formed a coating with beta silicon cartiids as the major ecustituemt end
alpha silieen cartdids as the minor comstitusnt showed some oxidation vhemn
exposed to 3300°F for 1 hour in an air stmosphere; however, the oxidation did
not penetrate the silicomnized coating.

PROCEXURE
The specimens were wighed, photographed amd X-rayed before aad after each test.

A. Specimen No. 1 was tested in the plssma flame with a gas mixture of 308
aitrogen and 20% oxygen at J000°F for 10 mimutes. The flow of free surface
contamination was observed at spproximately 2200°F asd contimued throughout
the &uration of the test. The graphkite specinsm 4id not oxidize, hewever
the slight weight gain was comtributed to the oxidetion of the free eom-
tamination on the surface. No dstrimemtal effects to the specimen ware
shows by X-ray emalysis.

B. Specimen No. ¥ was tested iz the plasms flsme with a gas mixture of 80%
nitrogen and 20§ ocxygmm at 3300°F for 10 minutes. The flov of the surface
contamination was agrin obeexved st 2200°F and coutinmued throughsut the
dGuretion of the test. It should be moted that Lubdblimg of this surface
oontamination was observed on the sides of the specimen during testiag;vhen

\1



D.

the specimen was occoled, the bubbles sclidified lesving biisters on the
surface. The grapite specimmn did not oxidise, hovever the slight weight
gain was contributed to the oxidation of the contaminstion of the surface.
¥o detrimental effects to the specimem were showm by X-ray asalysis.

Specimen No. 5 and No. 17 wvere tested ia the plasme flame with a gas mixture
of 80% nitrogsn amd 20% oxygen at 3300°F for 30 mimutes. Specimen No. 5
had a coating of beta major and alpha mimor silicon carbide. The flow of
surface contaminatien was again observed at 2200°F. The heated fase of the
specimen ccatained small ocxidation pits which had not pessetrated the coating.
A slight weight gaia wvas messured whieh was due to the aoxidatiom of the sur-
face oontamination. The surface ypits were evident Ly X-ray amalysis.

Specimen No. 17 had a coating of beta siliecon carbids. No oxidation
ocourred during testing. The slight weight lose is 4us to the volitalisa-
tion of the surface contaminstion. X-ray analysis showed mo detrimemtal
effects to the speeimens.

Syecimen Eo. 17 was superior to Specimen Fo. 5.

Specimen No. 9 and No. 16 were tested in the graphite resistamce fumace

for 1 hour with sn air atsosphere. Specimea No. 9 whish had a beta major
and alpha minor silicon carbide ecating exkibited severe hlistering om the
surface. The bhlisters were removed from one face of the specimen reveal -
ing pit oxidation of the speoimen surface. X-ray amalysis revealed the

presence of the pit oxidation uader the surface biisters.

Specimen No. 16 had a beta silicon carbide costing. This graphite speci-
men did not ocxidize, however a slight weight increase was found which was
due to the axidation of the comtaminmstion om the surface. X-ray aualysis
showed no detrimental effects to the specimen.

Specimen No. 16 with the beta silicon carbide costing was superior to
Specimen No. G which had the beta major alpha misor silicom eartdde costing.

Specimens No. 10, 11, 19, and 18 were tested in the zireomia pot furmece

for 1 hour with an air atmosphere. Specimens No. 10 and FNo. 11 which had
the beta major alphs minor silioom eartide docating exhitited severe blis-
tering on the surface. The surface ectemingticn was removed revealing

pit oxtidation om the specimen surface. It sbould be noted that the pits

414 not penetrate completely through the silicomized coatiag. Specimen

No. 10 had & weight loss of 3.5 and Specimen No. 11 had s might loss of
3.43%. Thiswight loss was dus to oxidstion. X-ray analysis revealed the
presence of pit oxidation.

Specimen No. 18 aad No. 19 had the beta silicon carbide ccating. These
specimens did not oxidize although a small weight loss was measured. This
wadght loss is apparestly due to the velitization of the surfece coutemi-
nation. The surface of the specimen retained a mmall amovmt of 810p.
X-ray anslysis showed no dsirimemtal effects on the specimems.

18



RESULYS

Table I shows the test method and per cent weight change of the specimens.

TABLE I

RESULTS OF OXIDATION EVALUATION OF SILICONIZED GRAPHITE

Specimen Test Conditions Weight Grems | ’
Number Temp. |Time Method Before After Change cmng
°F Min, .

1 3000 10 |[Plasma flame 29.59346 |29.60586 |+ .012k0 | + .Ok2
2 Not tested 30.14M12 '
3 Not tested 29.92h38 i
L 3300 | 10 |Plasma flame 29.84331 {29.8825k [+ .03k23 |+ .12 |
5 3300 30 Plasma flame 29.90901 :29.98339 {+ .07k38 |+ .25
! 6 Not tested 29.69796
Lo Not tested 30.0h678
8 Not tested 29.5khhT
9 3000 60 |Graphite furmace |30.09382 [29.69172 |- .h0210 | -1.3hk
10 3300 60 {Zirc. Pot Furn. [29.51908 |28.4832 |-1.03276! -3.50 :
n 3300 60 |Zire. Pot Fum. [29.78738 {28.77034 | -1.0170% | -3.43 |
i 12 Fot tested 30.33786 f
P13 Not tested 29.73193 '
Y Mot tested 30.13563
15 Not tested 29.77567
16 3000 60 |Graphite furnace |31.90355 (31.9875k |+ .08390| + .26
17 3300 30 {Plasma flame 30.50052 {30.42025 |« . - .26
18 3300 60 |Zire. Pot Furn. |30.41420 ;30.29027 |- .12392 ] - .k
19 3300 60 |Zirc. Pot Purn. |30.38185 [30.32111 |- .0607k| - .20
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Physical Properties
Graphite

THERMAL CYCLING TEST QF SILICOMIZED GRAPHITE

INTRODUCTION

This report presents the results of thermsl cycling tests performed on
specimens of siliconized graphite.

OBJECT

The purpose of this test is to verify the thermal integrity of siliconized
graphite under temperature and constant load conditions,

CONCLUSIORS
Tests were performed on three specimens. One of these completed fouw

cycles without failure and the remaining two failed late in the fourth
cycle,

MATERTAL AND SPECIMERS

Three siliconized graphite specimens for thermml cycling tests were made as
shovn in Figure 1,

Three specimens vere tested according to the 3000°F temperatwre-time data
(Table I). The center cross-section of the specimen vas messured, The
specimen wag the installed in the test fixture so as to maintain a constant
compression stress of 845 psi, Test cycle was as follows: (1) apply com-
puted load, (2) apply heat according to temperature-time data (O to 60 minutes)
(3) allow specimens to cool to room temperature and remove loed, (&) epply four
cycles per specimen, (5) weigh test specimen before and after tests.

RRSULTS

Table II presents the results of the thermal cycling tests,



TABLR I
TEST SCHEDULE
I
(Mn) i
0-3.10 1350 - 2420
10 - 20 2k20 - 2770
20 - 30 2770 - 2980
30 - 35 2980 - 3000
35 - 40 3000 - 29680
40 - 50 2980 - 2630
50 - 60 2630 - 1490

2\



TARLE 11

TEST RESULTS
SPEC “DIA AREA WEIGEY (GRAMS)
X0 BEFORE __ AFTRR REMARKS -
1 .510 2043 53.1322 50.1348 Completed 4 cycles
2 . 507 .2019 53,2018 Failed after 55 min,
of Lth cycle
3 .509 «2035 53,4213 Failed after 40 min.

of kth cycle

1L
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IETRODUCTION

Screening tests of ablstion materials indicated that lamineted quarts phemolie
spesimens were superior to all other specimens vhem tested under the comditioms
stated. Ia order to more clearly evaluate the above meaterial, edditiocmal test-
ing under controlled conditioms is required.

OBJECT

To determine the ablation charscteristics of cross ply laminated fiber gquerts
phenclic material umder comtrolled conditioas.

CORCLUBIONS
In all cases, fusion occurred at the cg.rrm of the fiber quart: reinforced
specimens. However, at the 500 BTU/ft<-secomd heat flux level, ablative flow
of the g vas observed. This is showm by the lower Q* value at the
500 PTU/ft“-second level as compared to the valuss obtained at ths other flux
levels during the 120-second exposure.

It is also shown that at the 250 m'u/ftz-ooemd level, adblation times of
20 minutes or more can be expected.

MATERIALS

1. R-120 phenolic resin, Coast Manufacturing and Supply Company, Liverwmore,
California.

2. $81/12-00 fiber quartz cloth, Hess Goldsmith snd Co., Inc., 1400 Broadway,
New York 18, K. Y.

3. 181 fiderglass F-120 phenolic pre-pregnated, Coast Mamufacturing amd
Supply Compeny, Livermore, California.

SAMPLE PREPARATION

1. Piber quartz phemolic rods

The fiber quarts cloth was impregasted with R-120 phemnoclic resin by the
spray method in the CVC plastics shop. The resin was them "B" staged

at 180°F for 3 hours. One-half inch dismeter disks vere them cut from

the pre-impregnated material, placed in the 1/2 inch dismeter mold and

cured. The curing comditions used were 1,000 psi molding pressure, 300°F
molding temperature, for 30 ximutes.

24



2. Mberglass phenolic rods

The fiber glass phenclic msterial was purchased in the pre-impregneted
"B" staged comdition. One-half inch diamster disks vere cut from the
pre~impregosted material, placed in the 1/2 inch diameter mold and
eured under the same conditions used in molding the fiber quarts phemclie
specimens .

TEST CONDITIONS

Three groups of specimens were in this evalustion. For the first
group, a heat flux of 250 BTU/ft“-second was bald comstant vhile the exposure
time wvas varied. For the second group, sa exposure time of 120 seconds was
held constant while the heat flux wes varied. In the third group, one
specimen was held at a A5° angle to the flame and exposed to a heat flux of
250 PTU/ft2-gecond for 120 seconds. Ammmﬂugdhniuuh-
tion bloek of zireonia and exposed to a hest flux of 250 BTU/ft<-secomd £
120 seconds.

Testing was performed in the M0 KW plasmea jet with a gas mixture of 80 per

cent nitrogen and 20 per cent oxygen. Except for the insulated specimen, all
specimens were tested by the cold wall shield moving specimen techmigue. All
caleulations were besed on the calibration of the Milpar calorimsster. Opti-
cal temperature was recorded for all specimens.

REBULYS
Results ofthis investigation are shown in Table I.

25



TABLE 1 ABLATION RADIATION IN A 4O KW PLASMA
EXPOSURES IN 80% NITROGEN 20% OXYGE
e e MHT
Sample Specimen Incident |Exposure Initial Pinal Weight Welg
Description No. flux Time Weight Weight Loss Loss
BrU/t2 sec Gus, | Ges.
Glass Phemolic 1 250 5 sec 16.3649 16,1502k 0.2147 Q.04k2
Glass Phenolic 2 250 50 sec 16.3346 1k .50055 1.8340 0.036
Quartz Phenolic 3 250 5 sec i 14 .4835 14 .3379% 0.1456 0.029.
Quartz Phenolic L 250 50 sec 15.2683 14.,98036 | 0.2879 0.005'
!
Quartz Phenolic 5 250 20 min 12.48505 | 12.21800 | 0.2671 0.000:
Quartz Phenolic 6 65 120 sec 11.27018 11.2161 0.0541 0.000t
Quartz Phenolic 7T 100 120 sec 1k . 29660 14.15391 0.1427 0.001:
Quartz Phenolic 8 300 120 sec 14.92740 14.8331 0.0937 0.000"
Quartz Phenolic 9 500 120 sec 12.88022 11.96689 0.9133 0.007T¢
Quartz 45° Angle 10 250 120 sec 11.96689 | 11.87494 0.0920 0.00C
Quartz Insulated 11 250 120 sec 9.74190 9.16159 0.5803 0.004¢
[ —_— .
i q
k
‘ d
—

l&
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ABLATION RADIATION IN A 40 KW PLASMA JET
EXPOSURES IN 80% NITROGEN 20% CXYGEN

T T T ""‘I ‘ ~
Initial Final Weight Welight Initial Final Length | Q* Optical
Weight Weight | Loss Loss Length Length  |Loss BTV/1b. temp °F

- (g, s (Oue. . In. In. In.
16.3649 16.1502k go.zlh'( 0.0%29 2 13/16 2 13/16 0 3,400 3200
16.3346 14.50055% ; 1.8340 0.0367 2 5/8 2 3/8 1/4 4,250 3200

i 1k 4835 1k .3379% {' C.1456 0.0291 2 1/2 2 1/2 0 5,666 3200
15.2683 14 .98036 3 0.2879 0.00576 2 3/ 2 3/s 0 P8, 333 3200
12.48505 | 12.21800 | 0.2671 0.000223 2 3/8 2 3/8 0 6p0, 000 3200
11.27018 | 11.2161 ! 0.0541 0.000451 2 13/16 2 13/16 o 16,080 2200
14.29660 1 14.15391 0.1427 0.00119 2 1/2 2 1/2 o b4 , 40O 2450
14 .927%0 14.8331 0.0937 0.000781 2 3/ 2 3/4 0 k4,800 3300
12.88022 | 11.96689 0.9133 0.00761 2 3/8 2 3/16 3/16 ,800 3500
11.96689 | 11.8749k 0.0920 | 0.00C767 - - - 3ok,000 3160
9.74190 | 9.16159 | 0.5803 0.00484 17/8 - - 31,460 3200
|

e




ABLATION RADIATION IN A 4O KW PLASMA JET
EXPOSURES 1IN 80% NITROGEN 20% OXYGEX

RN

Initial Final Lleight Weight Initial Fina:]: Length | Q* Optical
Weight Weight Loss Loss Length Length Loss BTU/1b. temp °F
| Omg, | Ope, _...‘TnulmL In. In. In,
16.3649 16.15024 i 0.2147 0.0429 2 13/16 2 13/16 o} 3,400 3200
16.3346 1% .50055 { 1.83k0 0.0367 2 5/8 2 3/8 1/4 4,250 3200
14.4835 14 .33794 ; 0.1456 0.0291 2 1/2 2 1/2 0 5,666 3200
15.2683 14.98036 | 0.2879 0.00576 2 3/4 2 3/ 0 8,333 3200
12.48505 | 12.21800 | 0.2671 0.000223 2 3/8 2 3/8 0 680,000 3200
11.27018 | 11.2161 | 0.0541 0.000451 2 13/16 2 13/16 0 1p6,080 2200
1% .29660 14.15391 0.1427 0.00119 21/2 2 1/2 0 Eh,uoo 2450
14,9274 14.8331 0.0937 0.000781 2 3/4 2 3/b 0 ,800 3300
12.88022 | 11.96689 0.9133 0.00761 2 3/8 2 3/16 3/16 k0,800 3500
11.96689 | 11.87494 0.0920 | 0.00CTET - - - 204,000 3160
9.741%0 | 9.16159 | 0.5303 0.00484 17/8 - - 31,460 3200
f f

- ——-
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Physical Properties
Potting Compounds

BVALUATION OF RICID ELACTRICAL EMBEDNINT CONPOUNDS
FOR USE FROM -55°C T0 125°C

INTRODUCTION

A rigid electronic embedment compound is required for use in computer modules.
These modules are required to function at teaperatures rengimg from -55°C to
125°C. Roomomieal fabrication of the modules adds the regquirememts that the
embedment meterial heve a low viscosity and be workable for several hours after
mixing. The purpose of this test is to evaluate rigid embedment materials for
module esbedment applicstions.

OBJICT

To dstermine if the following materials possess the mscessary physical, elec-
trical, and hamdling properties for module embedment applicatioms:

Shell Epon 328 plus curing agent 2

Shell Epon 828 plus agent D. (Note: Whea used in proportions
.peinzdh;mun,m Pplus curing agent D meets requirements of
MIL-X-16G23

Sonite HE-1200
Sootehcast CRP 236
CONCLUBIONS

Shell Ipom 826 has excellent physical, electrical, and hamdling properties
vhen catalysed with Shell curing agsst Z. Epon 828 resin catalysed with
curing agant D yielded equivalemt electrical properties but slightly poorer
physiecal properties; 1i.e., resistance t0 thermal shoeck than the curing agemt
Z, Epon 820 mix. In additiomn, the worklife of the curing agest D, Epon 828 mix
bad to0o little worklife for comtinuous or automsted opsrstiomn. Testing of
Bonite HI-1200 and Seotcheast CRP 236 was discomtinued whem it was determined

that their bandling characteristics were totally umsuitable for the automated
operation proposed for manufacturing the modules.

MATERIALS
Shell Epon 828 epoxide resin,
Shell Curing Ageat %, smd
Shell Curing Agent D - all manufactured by Shell Chemical Corp., Houstom, Texas.

Sanite HE-1200 A/B epoxide resin and curing agest memufsctured by Smooth-Om,
Jersey City, N. J.

27



Scotcheast CRP 236 epoxide resin manufactured by Minnesota Mining and Manmu-
facturing Co., 5t. Paul, Mim.

I.

II.

PROCEDURE
Preparation and Curing of Materials
A. FEpon 828 - curing agemt 2

1. 20 parts of curing agent Z were blended with 100 parts of Epon
828 resin.

2. The mixture was evacuated at 27-29 inches Hg. for 30 minutes.
3. Castings in excess of 1/8 inch minisum diameter were cured

1 hour at 180°F. Castings vith less than 1/8 inch minimm
dimension vere cured 2 hours at 180°F.

B. Epon 828 - Curing Agent D

1. 10.5 parts of curing agent D wers hlended with 100 parts of Epon
828 resin.

2. All Rpom 828, curing agent D specimens were cured 1 hour at 200°F.

Physical Properties
A. Specific Gravity

1. Cylindrical specimens 1 inch in diemeter and 0.5 inch thick were
cast in polyethylene molds (Cannon cap $498).

2. Bpecific gravity of the cured specimens was determined by the
vater displacement method.

B. Hardness

l. Coleman Smith hardness vas determined.

2. One specimen of each material was tested at 125°C and at 25°C,
C. ihexmal Shock

Resistance to thermal shock was determined.

D. Moisture Absorption

1. Weighed specimens, similar to those described in II.A., were con-

ditioned in the humidity chsmber operated per MIL-E-52T2A.
2. Each 2k-hour period, the specimens were removed from the chamber

blotted dry on the surface, and reweighed. Total test time was
11 days.

8



F.

Corrosion Resistance

1. 2x1 3/8 x1/8 inch specimens of each material were cast om

3 x 6 inch panels of ancdized aluminum, copper, silver-plated
copper, and gold-plated coyper.

2. The pamsls were exposed in the salt spray chamber for 6 days.
The pamels wvere examined for signs of corrosiom at 2M-hour
intervals.

Application Time was determined.

Elestrical Properties

A.

B.

c.

D.

Dielectric Streagth

Dielectric strength was determined on 6 x 6 x 0.050 inch specimens
of each material.

Dielectric Constant and Dissipation Pactor

Dielectric constant and dissipation factor wvere determined wvith
a Delsen D-K analyser.

Volume and Surface Resistivity

Volume resistivity end surface resistivity were determined on
6 x 6 inch specimens. The panel mede from Epom 828 with curing
agent Z wvas 0.145 ineh thick and the panel made from Epon 928 with

curing agent D vas 0.110 inch thick.
Insulation Resistance

1. Two electrodss 0.25 inch long by 0.032 imch in diameter vere
spaced 0.3 inch apart im a 6061-T6 alumimum tube, 1 inch lomg
x 1 inch in diameter which was embedded with ons of the mate-
rials. The electrodes were formed by stripping 0.25 inch sec-
tions of imsulation from the centers of 2A-imch lengths of
sodium-naphthalene-treated, teflon-insulated wire, MIL-W-16878-
ER20.

2. The initial insulatiom resistance vas mesasured at 100 V.D.C.
potential.

3. The specimens were tested at three tesperstures - 125°C, 40°C,
and -55°C. Three specimens of each material were held at con-
stant temperature for a totael of 216 hours. The insulatiom
resistance vas determined at 2k-hour istervals.

M. Three specimens of esch material were conditiomed in the
haidity chember per MIL-E-52T2A for 216 hours. Imsulsticm
resistance of the specimens was measured eech 24 hours at 160°F
and 95% relstive mumidity.
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Physical Properties
Potting Compounds

EVALUATION OF ELICTRONIC EMEEDMENT MATERIALS FOR UBE AT hS0°F

IeTRODUCTTON

Electronic modules embedded per standard procedure have not performed wall
during moisture enviromment qualification of certain electronic equipmaat.
This oonditiom mecessitated the gualification of improved materials for this
purpose. In additiom, soms growth potential with respect to tempersture
lixitations is desired.

OBJECT

To determine if 3M EC 1663 potting compound or M XD-301845 experimental mste-
rial bas the necessary electrical and physical properties for use in module
eabedment applications.

CONCLUBION
Minnesots Mining and Mfg. EC 1663 embedment compound has excellemt electri-
cal and physical properties for module smbedment applications. The experi-
mental compound, XD-G11845 will require further dsvelogment by the manufacturer.
The electrical properties of XD-911845 fell sharply as the tempersture was
increased.

MATERTALS
EC 1663 Silicone embedment compound.
XD-911845 experimental material.

X8 9118-13 primer for XD-911845, all menufactured by Mimmesota Mining and Mfg.
Company, 8t. Paul, Minnesota.

Churehill G-75 silicons primer manufactured by Churchill Chemical Company,
Los Angsles, California.

PROCEDURE
I. GENERAL
A. Primers

1. 8iliocone (EC 1663) specimens were primed with G-75 primer. The
primer was allowed to cure 30 minutes b §
cation of sealant.

g

2. XD 911845 specimens were primed with X8 G118-13 primer.
primer vas air dried 30 minutes plus J0-minute cure in circu-
lating air oven at 180°F.



II.

Cure

1. KC 1663 specimens were cured 7 days at room temperature prior
to testing.

2. XD 911845 specimens were cured 3 hours at 200°F plus 7 days
at room temperature.

PHYBICAL PROPERTIES

A'

Specific Gravity

1. Cylindrical specimens 1 inch in diameter and 0.5 inch thiek
were cast in polyethylene molds (Cannon cap #498).

2. Specific gravity of the cured specimens was determined by the
water displacement method.

Viscosity

Viscosity vas determined on each base material and each mixed
material with a Brookfield Viscometer. A number 6 spindle was used

at 4 rpm.

Application Time

Application time was determined.
Water Absorption

1. Veighed apecimens, similar to those described in IIA, were
imwersed in distilled water. Each 2k-hour period the specimens
were removed from the water, blotted dry on the surface, and
rewveighed. Total test time was 10 days.

2. Test II.D.l wvas repested except the specimens were conditioned
in the humidity chamber operated per MIL-E-52T72A.

Shear Strength

1. Preparation - One-inch lap shear specimens were prepared with
the following systems:

a. G-75 primer plus EC 1663 compound
b. XS 9118413 primer plus XD 911845 compound
¢. KNo primer, XD 511845 compound

2. Conditioning ~ One set of three cured lap shear specimens of

each gsystem above was conditioned in each of the following
environsents:
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a. Controls (mo conditioning)

b. Aged 100 hours at LSO°F

c. Aged 100 hours in humidity chamber operated at 95%
reiative humidity per MIL-E-S52T2A.

3. Testing

Bach conditioned specimen was pulled on a Baldvin Tensile Machine
et a rate of 4,000 pounds/minute.

F. Primer Application Method
1. Alodined 6061-T6 aluminum penels, 2 x 6 x 0.032 inches, were

primed with either G-75 or XS 7118-13 primer by each of the
following methods.

a. Brush
b. Ddp
c. Spray

2. Each prizer specimen was coated with the appropriate sealant
and cured.

.3. Each specimen was inspected to determine adbherence of the
gealant.

4, Each specimen was aged 10 days in the mmidity chember operated
at 95% relative humidity per MIL-E-5272A and reinspected for
adherence of sealant.

III. ELECTRICAL PROPERTIES
A. Dielectric Strength - Determined on 6 x 6 x 0.063 inch specimens.

B. Volume and Surface Resistivity - Determined on 4 x L4 x 0.125 inch
specinens.

C. Dielectric Constant and Dissipation Factor ~ Dielectric constant
and dissipation factor at 10 KC were determined with a Delsen D-K
analyzer.

D. Insulation Resistance

1. Two electrodes 0.25 inch long x 0.032 inch in diameter were
spaced 0.3 inch apart imn a 6061-T6 aluminum tube, 1 inch long
x 0.875 inch in diameter, which was embedded with the sealant
material. The electrodes were formed by stripping 0.25 inech
sections of imsulation from the centers of 2ui-inch lengths of
sodium-naphthalene treated teflon-insulated wire, MIL-W-16878-
EE20.

2. The initial insulation resistance vas measured at 500 V.D.C.
potential.
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3. Three specimens of each material were raised in 50°F increments
to 450°F. The specimens were socaked at each incremental tempera-
ture for 30 minutes. The insulation resistance wvas measured at
the end of the 30-minute soak periocd. The specimens were main-
tained at A50°F for 240 hours. Insulation resistance was measured
at 450°F each 24 hours during aging.

k. Three specimens of each material were aged in humidity chamber
per MIL-E-S272A for 240 hours. The insulation resistance of the
specimens was msasured each 24 hours in the humidity chamber at
160°F and 95% relative humidity.

RESULTS

Results are given in Tables I and II and Pigures 1, 2, and 3.



TABLE I

FHYSICAL AND ELECTRICAI PROPERTIES OF EMBFIMENT

‘ U e e e
_Material Specific Viscosity Water Abgorption | Shear Strengt
Gravity (poise) —{ After After Controls Aft
Base Mixed 240 hrs. 240 hrs. (as cured) Agi
e Material - | Immersion in 95% 240
in R.H. per at
Distilled MIL-E-5272A
- Water S VR SO
£ 1663 1.48 316 351 | No Wt. 1.1 wt. 527 CF | 267
Gain loss
—_— ?A
{ XD 9118 1.22 3540 420 1% 34 720 CF (2) | 2%
' .45 B/a 150 AF (3) | 130
: | U SES -
Material Volume | Surface Ingulation Diele
Resistivity ‘ Realstivity Resistance (1) at 10
(o ~ cM) 3 (omm) (veG - o) (&)
As_cured 200°F 300°F Y50°F
% B 1663 ¢.7x10%2 1.7x10% 500,000 | 500,000 | 500,000
.9 o 9 ,
LD 9118 1.6x10° 1.48x10 5,400 L7 7 2.3
<45 B/A |
i
N f |
(1) Sce Figures 1,2 and 3 for Aging Characteristics.
(2) Primed with XD-911813 B/A Frimer
(3) Unprimed
(4) Graphic Presentation in Figure 1
AF - Adhesive Failure
CF ~ Cohesive Failure



TABLE I

'Al. PROTERTIES OF EMBFEIMENT MATERIALS FOR 450°F AFPLICATION

e I e e e
] _ __shear Strength (pst) = Application Cure Plelectric
Controls After After Time (hrs.) | Cycle l?\trl;:ungh
. (as cured) Aging Aging /
240 hrs. 240 hrs.
T at h50°F in 95%
2724 R.H. per
- — e | MIT-E-32724 - — e
t. 527 CF 267 CF 383 CF 3 7 days Lho
at TI°F
720 CF 52) 250 CF 52) 500 CF ﬁz) 2 16 hrs. at 208
150 AF (3) | 130 AF {3) | 100 AF (3) 160°F
followed by ,
2 hrs. at
200°F
Dielectric Constant l Dissipatiorn Factor Primer
(1) at 10 KC | at 10 KC Application
(&) ‘ Method
: r = |
jo0°r 45Q°F e }-ﬂm‘ _
50C , 00C h.3 ; 0.009 Brush or Dip
1
|
_ _ [
7T 1 2.3 0.7 gy 0.125 Brush, Dip or
j Spray
i |
L S O BN —

c —
“\“ 2
\ - "/j

e




et —— e o e, e < A o+

TABLE 11

2 Saol oo gaa aa] AaN ol - - ;
SELEIECEVEEE I el k! el % _
. H v - | L4 R A vttwl Ty T = A« M Ty
. > “ ; ; : | ¢ m ~ i e8] “ n N
; 388)888° 2398 2381783 R98 ARG 238 RoB
SEEUIEEEH Ul el v B
- w T — :ﬁ\!l e A, o e -
” |
i gszlas - |38%|%mEosEs eas| eeg) peg
mw_m.m’%/, m.mw.,. m A3h.,8; 14:39“89m o lll_ | m
S . E— ;Jiiiziglaji-Li: SRS
. A Qoo | | L nn !
§ 828858 88z 388 988 488  neg| 388 888
5 893888 888 #=w|asn mmm%11WH111113
+ -t B St A s e e
i .

s s o o b e e e ——

INSULATION iESISTANCE OF MATERIALS FOR 450°F AP LICATIOM

at 160°F in humidity chamber operated per MIL-E-5272A, 95% Relative

megobms ,

. I
£88 88 | § 888|388 888 | L mmm 885
HO mm .mm a W Mmﬂm mMLW WOVN 11.5_ lll“ll.nlm ™t 22;&. &~ o
e L
38. 838 33. Fi.|83.33. 8%. 33, 83.0 83.| 34, §3.
nm,mmm 3818831883/ 8383!38383 3 338 333 353 333] 838
g8 «<m« <m< <m<| <@< ABA_ABA, “me] <m<| <mM<| <Mm<| <M< <M<
T T B
i | m
.M.W a a2} =t uN O w [ o @« [ m n m
| o
| i
8 el el
Z o S4a ¥ g4s
33 22 i1° 23 i°

Material

EC 1663
XD-911845
B/A

Measurements were taken at L50°F in a forced draft overn.

Measurements vere taken

3

3) All values repcrted in

1
2

3

Notes:




2ko Hra.

88 mmw,mww“mmm | w | eon] @on 999

'
WW “225* e kal lllmlll |
b ' )

i 1
L L e R

ISR S

i { | ; |

§ 335835 883 $8% 3% 388  lany) gar anw
,m , mmm L,_ N N A ] lllﬁ |

i Ralka X I W i -
L | | | ,

X =y [ | N ﬂ (
5 88 283 3281883 | “ 0G| 2R 55
mm/“ ~ It U e N T B B e L e B B

~4 !

B

166 Hrs.

4 - -

e e e e

|
T
|
t
e et
|
|
i
I
!
4o
}

koo
100
e0c
11
A
!
18
19
35
e e o ey — *——‘»
20
19
36

J,00
100,000

| 500,000

1€

% Hrs.

B
!
|

20
32
50
! 36
35
1
50
38
75

| 100,000

[
-t
|
|

| i
- ™ o= ~n & w7 - . os - & = - ' ; m
mm% ~ e D SQM ~ 4 lll_lll,_ w !
-— |10|(|40»; - e = e s ?]l -——— L e — ial e o — e -4 —

0°F APLICAVION

r
100,000
100,000

é
|
|
!
]
4
3
{
4
it
{
i
j
|
!
4
i
ke
!
!
|
!
i
|
{

24
36
6
45
50
&
0
45

o4 Hrs.
100,000
500,000 | 500,000

100,590

— ——————

TABLE 11

A | o _ ; !
/N P ey

888888 888 m RER| 88E 88 =
3951 2n| 999, Aag) o) AAnl Ane §

e

NCE OF MATERIALY FOh &4

»000
»000

Hrs.

§ | 888|888 888 | 888| 883! 888

it oven.
mber operated per MIL-E-5272A, 95% Helative Humidity




DATE

MODEL

T T T T =T - a
i qﬁ«,w T S A T - - -
e .- Col .. '
-+ - 1 — B I + S 1o ba
A ! . I . - — .

. N . . ,
[N 4 . A
.Hr_ ﬁ I Lrif . H [ X
(EEDURIVY S SR BTG I . - Lyl
PR ' . »
e - - - - — t- - tt
L., et e } § . =

o 3o

D xDioies BIA-

SIS = oo g ey
e R #a R ! TN r/lﬂ. _

. ' T ”

O - - . e e NS e e —

> —- e v - —— - — - b e e — g - B ; _—
LA T SR R SRR R A S S
Yv,:%ﬂbr' bt b e - — Nm - - 4
g ¥ - T - TN ! :
=y 2 T L SR

1000000

100000

10000

1000

(CWHO 93N) IDNVISISIY NOWYINSN

¥ S aNIIIVN

96-6G€

LNC SIANT 09 X ST WD L

QD H3S$S3 B 1344NIN
DIWHLINVODOT-1IN3S

ZoH

8BS - '
M e T
e !
il |
E E
- - - p— - — ] A N . - + —
T J T 1
DOy RIS D R : - I O S——
SRRt BRI SRl S - o - Ry SRR —
_Vﬂ.lx.ﬂ.'. M k et M N 4P N - - - t . - I
R
L - . — o —— PR, - . [ . B 4 - — - - - ——————
.- '141|~IJ|4+|' ”., NO - . - —- - <M . LM t - - C e e
I AR A sol ! ,4 ) - Tor o ] A
- A IR R ﬂ ‘ L i .
e T T , = e
e e e e m' N - S
SR - - —
e L= N 1
o [e] -
[e] ol

S0 300 30

TEMPERATURE ~ °F

38



DATE

MODEL

O —fi e — e — — 4 . — - - - - -y - - EpS ————
|, ﬂr‘q"l i i ORI - [ RN [ v A - [ U ——
P 4‘f(4‘\.lr - - 1lgl\w i —t et L .ﬂ = - ' - -
il ot S A iz i PO L - B SR 9
: : FEE V—I—
b e — ‘- P T — — e o~ —

ﬂ H.IIJWH n!w

R
ey N

A6

|
'l
|

o
"
N
|
i
i
i
t
i
!
i

L
o
i
|
Bk |
¥
|
|
|
|
t
o
b
]
|
|
t
!
]
\92

I
P
|
!

!
|
t
|

!

A

i

|

1845

|

{
T,Q, —

i

1

|

1

|

!
o
{68

XD
S

|

s
N

|

o

i

t

;1

144

'
|
|
— .
'
'
r
!
'
I
'
+
[
|
|

TIME
B
il
»'t
b
el

'
i
1
!
'
|
\LO

- - - S W
N ) — T . )

. _ P . bme o . ]

- __ - ! . - - - — _—

. .- - . - - - —— e A
A - T - - - V1l
S N T SR S I

' s £
. — - - ' — . - P L ——— D u4

—— e + - — r ——— P - - S——

24

1000000
100000 x
10000
1000
100
1

(SWHO B3W) oNVISISIA NOUINOSNI

SN AT 09 X SUTITAD L
YN RN ‘GO HASKR W N1JALNEN = rVwa
96-6G€E DINHLINYSOT-IWAs =71

TIME - HOLRS




-

b e

e jee e ﬁ

.

I

P
|

TR

-

v

|
L A

ro

DATE

:
I i
L SRR
Ltk
T
C—t -
o

MIDITY " 4K

”

+

®! P en@aﬁjélg L

P

!
|
!

AN

i
!
i |
|

L

-

A SRR

€ \5|TiME

i

MODEL

1000000

100000

240

26

22

120 144 168

40

26
TIME - HOURS

BP2

24

10000

1000

100
10 fomr

(SWHO Haw) 3ONVISISIA NOUNINSNI

SNC ¢ A T 0O X HITTAD L
EREELLS RN EEED]
TINHLIE YOO IWIS



Phyaical Properties
Potting Compounds

EVALUATION OF POTTING COMPOUNDS FOR 500°F APPLICATIONS
INTRODUCTION

Increasing temperature requirements in aircraft and missiles have indicated a
need for high temperature potting compounds. Original preparations of leading
compound manufacturers showed good promise but left some properties to be
desired. Recent advances in the state of the art have yielded compounds which
should be superior to the prototype waterials. The purpose of this test 1z to
determine which materials are suitable for 500°P potting application.

(BJECT

To g;rfom physical properties and electrical tests on potting compounds for
SO0°F application.

CORCLUSION

Dow Corning RTV 501 and Minnesota Mining and Mfg. BC 1663 were the most satis-
factory compounds tested. General Electric RTV 60 plus T-12 catalyst meets the
physical and electrical requirements, but has a short work life and is difficult
to mix properly. These conditions may be alleviated by use of a new paste
catalyst which became availsble too late to inciude in this test. G. E. RIV
81813 was the prototype material to RIV-60 and had unsatisfsctory high tempera-
ture properties. Proseal 792 also had poor high temperature characteristics.

PROCEDURE

I. Goneral: All testsdescribed herein were performed on the catalyzed and/or
cured sealant msterials.

A. Application Times

Application time was determined by extruding the mixed material from
a Semco Oun through a Semco 254 nossle at 90 psi pressure €0 a tared container
for a measured period of time. The volume of sealant per mirute was computed.
The spplication time was taken ag the time at which the extrusion rate had
dropped to 25 milliliters per mimute.

B. Curing Rate Hardness:

The sealant material was cast into a 1 1/4 x 3 x 1/ inch mold snd
cured at room temperature for 72 hours. The instantaneous Shore A hardness
was determined on this specimen with a Shore A durometer.

C. Shrinkege:

The sealant was cast into a cubical mold approximstely 1.0 inch on a
side and open at the top. The sealant material waz cured 7 days at room tempera-
ture. The volume of the cube was accurately determined by the water displace-
meut method. The cube was placed in a circulating air oven at 500 F for L8
hours. The sealant was cooled to room temperature and volume redetermined.
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D. DNon-Volatile Content:

Approximately three grame of mixed sealant were weighed accurately in
a tared glass container. “he material wes heated at 160°F for 24 hours in a
circulating air oven. The material was cooled in a desiccator and reweighed,

E. Peel Strength:
Or2 inch wide peel strength specimens were prepared:

1. Two x 2 3/8 x 0.064% inch panels of aloidined 7075-T6 aluminum,
301 stainless steel and titanium alloy were primed with G.B. 85 67 silicone
primer. One half inch strips of aluminum 0,064 inch thick were attached to
the panels to form a cavity 1 inch x 1 3/8 fnch.,” This cavI¥} was filled with
sealant and a brass screen placed over the wvet seklant meterial.

2. Approximately 1/16 inch of sealant wes extruded over the screen
and the whole assembly cured. Three specimens of each material and metal were
reserved as controls. Three specimens of each material and metal were aged
7 days in & 3% salt water solution, Three stainless steel and three titanium
panels of each material were aged 168 hours at S00°F. After sging the
specimens vere peeled at 90° peel on a Scott Test Machine,

¥. 1ow Temperature Flexibility:

A film 0.064 inch thick of each sealant material was cast on
1 x 6 x 0.052 inch sheets of stailnless steel. The sealant vas cured 7 days
ot room temperature. Rach specimen was aged 7 days at S00°F. At the end
of this period the panels were cooled to -65°F for four hours, While st -65°F
the specimens were each bent around a 2 inch radius mandrel and observed for

ckacking,
H. Sponging Resistance:

Hemispheres approximately 1 1/2 inch in diameter were cast of each
sealant material, After curing 7 days the materials were subjected to 500°F
and observed each hour for a period of four hours. Those specimens which were
st11l intact were aged a total of 24 hours at SOE0°T,

II. Electrical Tests:
A, Dielectric Strength:
Dielectric Strength was determined at room temperature,
B. Dielectric Constant and Power Factor:
Dielectric constant and power factor of RTV 81313 and DC 501 were
determined at 1 kilocycle. At a later date, the dielectric constant
and pover factor of the two remaining materials were tested with s

direct reading bridge (Delsen D-K cnalyzer) at 10 kilocycles. The
pover factor wes determined simultaneously.

C. Volume and Surface Resistivity:

Volume and surface resistivity were determined at room temperature.
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D. Insulation Resgistance:

Four electrodes, formed by stripping 3/8 iuch of the Teflon insula-
tion from four No. 20 A.W.G. wires, were imbedded in sealant coutained in a
0.70 inch diameter alodined aluaminum tube, 1 iuch long. The sealant was
cured 7 days at room temperature. Insulation resistance was measured betwesen
each lead and the shell at 500 V.D.C. potential. The specimens were raised to
500°F and insulation resistance remeasured. The specimens were aged & total
of 168 hours with measurements being made every 2l hours.

E. High Poteantial Resistance:

Specimens prepared as in D. above wers subjected to a potential of
2000 V RMS between each pin and the shell. Voltage was applied gradually at
the rate of 500 volts per second.

F. Humidity Realstance:

Specimens prepared as in D. above were exposed to 5 temperature
cycles of 5009F for 30 mimutes followed by -659F for 30 mimutes. After these
five cycles the specimens were mubjected to 958 relative humidity for a
period of 1 days. Insulation resistance at 500 V.D.C. was measured at room
temperature after removal from the humidity chamber. The specimens were high
potential tested at 750 V RMS for S minutes at room temperature.
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DETERMINATION OF PHYSICAL PARAMETERS OF
PROSEAL 793 CABLE MCLDING COMPOUND

INTRODUCTION

A mixture of MIL-5-8516 material and carbon black has been used in the pest
a8 a cable molding compound. However, this material has not proven satis-
factory with regard to its physical properties. Coast Proseal 793 compound
was sumitted and showed very good characteristics vhen fadbricated into typl-
cal parts for which the material is to be used. For specification and design
purposes, it is necessary to determine some physical and handling character-
istics of thismterial not already known.

OBJECT

To determine physical properties of Proseal 793.
CORCLUSION

Proseal 793 is suitable as a cable molding compound. The reguisites of high
tensile strength and good abrasion resistance were met with no apparent defects.

MATERTAL

Proseal 793 cable molding compound, maanufactured by Coast Proseal Commpany,
Los Angles, California.

PROCEDURE

GENERAL: All specimens below were prepared from material which had received
27 inch vacuum for 45 minutes.

1. Specific Gravity: Specific gravity was determinped.

2. Viscosity: Viscosity was deterwmined with a Brookfield Viscometer using
a spindle at 10 r.p.m.

3. Flov: The evacuated compound was placed in the Boeing flov Jig and the
plunger advanced. The time required for the material to flow 4 inches
vas determined with a stop watech and calculated as inches of flow per
minute.

4. Extrusion Rate and Application Time: Extrusion rate vas determined. This
curve was correlated with an arbitrary value for application time to
establish an index for determining application time.

5. Tack Free Time: Tack free time was determined for room temperature cure.
the tack free time was also determined for 180°F cure using the same method
used for room temperature. Tack free time wvas calchlated from time of
removal from vacuum chamber.
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Curing Rate Hardness: Herdness was determined using & Shore A durometer
afber 24 hours and 72 hours at room tempersture. In addition, hardness
vas determined at room temperature after aging 2, 4, and 6 hours at 180°F.

Abrasion Resistance: Abrasion resistance wasdetermined using a Taber
Abrader vith C515 vheels and s 1000-gram load. Two specimens were each
rotated 5,000 cycles and the amount of war measured with a micrometer.

Low Temperature Flexibility: Low tempersture flexibility was determined.

Tensile St%gﬁh: A 1/8 inch thick clab of Proseal 793 was cast in &
Teflon-coated mold. After curing 6 hours at 180°F, the material was cut
into dumbbell specimens using ASTMD4-12-51T die D. The specimens were
pulled in a Scott Tested at 2 inch/minute.

RESULTS

Test data results are given in Table I and Graph I.
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EVALUATION OF MATERIALS FOR USE AS ELECTRICAL ENCAPSULATION COMPOUNDS
INTRODUCTION

Sealant {EC-1293) has been used [or encapsulating electrical connections. The
material specification by which EC 1293 is procured does not contsin any electrical
requirements. On the basis of past success using EC 1293 and a verbal agreement
with the manufacturer that the formulation would meet certain electrical require-
ments and would not be changed, it was agreed to allow the continued use of this
material pending electrical test data of EC 1293 vs Proseal 727 filled with Quartz.

The handling and application characteristics of BC 1293 were two important reasons
for the original selection of this material for this application. However, the fil-
ling of Proseal 727 with quartz produces a material with comparahle handling and ap-
plication characteristics.

The purpose of this test is to compare the properties of EC 1293 and Proseal T27
filled with quartz for use as an electrical encapsulation compound.

OBJECT

To determine 1f EC 1293 and Proseal 727 plus quartz meet the specifications for elec-
trical encapsulation by testing for:

A. Physical properties
B. Electrical properties
CCNCLUSION

A. BEC 1293 meets all physical requirements. The only physical test that Pro-
seal 727 plus Quartz failed was working time.

B. Proseal 727 passed every electirical test performed.
MATERIALS

1. EC 1293/1366, manufactured by the Minnesota Mining and Manufacturing Com-
pany, Dallas, Texas.

2. Proseal 727, manufactured by Coast Pro-Seal and Manufacturing Company, Los
Angeles, California.

3. Quartz, Grade P, manufactured by Charles P. Crystal, Inc., New York, New York.
PROCEDURE
1. Preparation of encapsulating material.

a. EC 1293 was prepared by mixing twelve grams of catalyst EC 1366 per one
hundred grams of EC 1293.
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b. Filled Proseal 727 was prepared by mixing Proseal 727 and quartz &t a
ratio of 1:1 by weight and adding twelve grams of catalyst T2TA per one hundred grams
of 727. The catalyst was added after Proseal 727 snd quarts had been thoroughly mixed.

2. Testing: Esch of the encapsulating materials was tested as follows:

a. Physical

1) Working time
2) Hardness
3) Shrinkage
4) Solids content
5) Adhesion
6) Corrosion
7) Low-temperature flexibility
b. Electrical
(1) Resistance to arc: Not performed due to lack of equipment.
(2) Dielectric strength
(3) Dielectric constant and power factor
(4) Volume and surface resistivity
(5) 1Insulation resistance
(6) High-potentiel resistance
(7) Humidity resistance
(8) Moisture resistance
(9) Vibration resistance
(10) Flame resistance
(a) Overload of wire
(b) Open flame
RESULTS

Results of these tests are shown in Tables I and II.
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TABLE I

PHYSICAL TEST OF MATERIALS FOR USE AS ELECTRICAL ENCAPSULATION COMPOUNDS

SEALANT WORKX LIFE % SOLIDS HARDNESS SHRINKAGE
EC 1293 6 HRS. 99.42% 35 b.71%
727 + LO MIN. 98.27% 65 6.30%
QUARTZ
RESISTANCE TO LOW
SEALANT PEEL STRENGTH CCORROSION TEMPERATURE
FLEXIBILITY
EC 1293 20 1B CUHESIVE NONE PASSED
FAILURE
727 4+ QUARTZ 9 LB. SCREEN FAILURE NONE PASSED
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THERMAL CONDUCTIVITY OF A
BRAZED STATRLESS STERL HONEYCOMB SANDWICH PANEL

INTRODUCTION

Data on thermal conductance of brazed stainless steel honeycomd sandwich
panels are required. While the thermal conductivity can oftea be calculated
by sppropriate heat transfer amlyses, it is believed that actual test data
are mecessary to determine the validity of calculated data.

The CVC fabricated brazed honeycomb sandwich panels wers submitted to Southern
Research Institute for thermml comductivity determinations. Because of ex-
cegsive warpage of these panels at large tempersture differemtialcs, Southern
Research was able only to provide thermal conductivity data at relatively low
temperature differentials vith their existing equipment. BSince a relatively
large temperature difference across the panels was desired, apparastus was fab-
ricated at CVC wvhich would accomplish this objective.

OBJECT

To determine the thermal conductivity of a brazed stainless steel honeycomb
sandvich penel at various hot face Lemperatures up to 600°F and a constant
cold face temperature of approximately 225°F.

CORCLUBIONSB

The thermal conductivity of the brazed stainless steel homeycoub sandwich
panel evaluated was essentially a constant value of approximately 9 to 10 Btu-
in./ft.2-Ar.-°F at various hot face temperatures from 350°F to S00°F and a
constant cold face temperature of approximately 225°F.

The silver brazing alloy proved to bve the primary mode of heat transfer. This
wa3s due to the fact that the silver brazing alloy bridged across the panel by
capillary action, during the brazing cycle, in the node areas of the honey-
comb core.

The thermal conductivity cf any silver brazed honeycomb sandwich panel will

depend to a large extent upon the smount of silver in the node areas of the
honeycomb core.

MATERIALS
Brazed Honeycomb Panel --
The panel was a 12" x 12" x 0.532" brazed, PH15-TMo stainless steel
honeycomd with nominal 0.016" PH1L5-TMo stainless steel faces. The honeycomd

foil was nominal 0.0015" thickness having 3/16" cell spacing. The brazing
foll was a ®.5% silver, 7.3% copper, and 0.2% lithium alloy 0.002" thick
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prior to brazing. The finish on the faces was that which resulted from the
"as rolled” condition and the brazing cycle heat treatment.

The thermal conductance of the brszed stainless steel honeycomb sandwich panel
vas determined using a vapor calorimeter spparstus designed and fabricated at
CVC. The vapor calorimeter type apperatus was chosen for this work because it
vas believed that inherent warping of the panel at large temperature differen-
tials would not affect the teat results. VWarpage can seriously affect the
test results vhen apparstus employing rigid hesting and coollag plates is
used. In the vapor calorimeter apparatus, the heat flux through a test sec-
tion (sandwich panel) of the calorimeter is determined from the weight of cou-
densate collected in a given period of time, and the latent heat of vaporiza-
tion of water.

In the vapor calorimeter apparatus (Figure 1) a brazed stainless steel sand-
vich panel was welded to and comprised the bottam section of a calorimeter
vhich vas vented to the atmosphere tarough two air-cocled reflux condemsers.
A center or metering calorimeter of known cross-sectional area wvas symmetri-
cally affixed to the center area of the panel resulting in equivalent guard
areags on each of the four sides of the metering calorimeter. The netering
calorimeter was fitted with a condenser tube leading to the outside where the
tube was cooled with ice water and the distillate collected in a volumetric
flask.

The entire bottom face of the honeycomb panel was radiantly hested using two
banks of eight GE T-3 guartz lampe fitted vith gold-plated reflectors. These
lamps were hlaced approximately 1k inches below the specimen surface to mini-
mize gradient effects across the specimen face. The hot face temperature wvas
controlled by means of a Research, Inc., ignition controller (FPigure Z).

Specimen surface temperatures were monitored using chrumei-alumel thermo-
couple wire. The ends of the thermocouple vire were spread and spotwelded to
the specimen faces to insure good contact and to minimize film effects. The
thermocouple lesds on the Lot face surface were costed with sauereisen cement
in an attempt to reduce excessively high readings due to radiant hesat. The
leads on the cold face surface were coated with a thin epoxy costing. Various
areas on both sides of the panel were monitored.(Figure 1).

Before initiating a test run, water is placed in both the guard and metering
calorimeter areas of the vapor calorimeter apparatus. VWhen this water reaches
steady-state conditione, at its bolling point, a wery high degree of distille-
tion efficiency and a very low heat loss in the metering calorimeter should be
achieved. This is due to the fact that the water in the guard ares and its
vapor phase and the wmter in the calorimeter acd it: vapur pnase would all be
at approximately the same temperature.

After assembling the apperatus radiant heat wvas applied to the brazed homey-
camb panel section until the entire apparatus had come to equilibrium. The
desired hot face tempersture was pre-set and maintained by the ignition con-
troller. Steady-state conditions were determined by conetant tempersture
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readings on both the hot and cold faces of the brazed pemel and by a steady
distillation rate of the wvater from the metering calorimeter. In all deter-
minations, at least 50 ml of water was distilled prior to begimming the timed
test rum.

During the test, all thermocouples were read at approximately S-minute Inter-
vals to ascertain that stealy-state conditions existed.

The distillate was collected for an accurately timed interval of 30 to 60 min-
utes. Upon completion of the test run, the distillete was allowed to come to
room temperature and the volume accurstely detemmined.

Knowing the hot and cold face tempersture, volume of distillate, time, heat
of vaporigzation of boiling water, area of tha metering calorimeter, and
thickness of the penel, the thermal conductance of the pamel was calculated
at each temperature condition. See Table I for results.

RFSULTS

Table I shows the difference in thermal conductivity values that were obtained
using separate thermocouples and recorders to measure the hot face temperatures.
One of the hot face thermocouples led to the ignitron temperature controller,
which actually controlled the temperature of the hot face, and the other led
to a multichannsl recorder. These recorders were calibrated against each
other and with both a millivoltmeter and a calibrated thermometer over the
effective temperature range. It is likely that the difference in hot face
tempersture resdings vas due to the inberent difficulties which exist in
measuring surface temperatures. Anotner poesible contributing factor for
this discrepancy is that the temperature gradient acroes the hot face may have
been greater than expected.

The thermocouples on the cold face of the panel were coested wvith a thin epoxy
film. 1In looking at this coating in retrospect, it was realiged that the fiim
would prevent free cooling of the thermocouples by the water. FPigure 3 was
used to correct the cold face themmocouple readings.

It is interesting to note that the thersal comductivity velues, employing the
vapor calorimeter apparatus, showed an increase with a corresponding decrease
in hot face tesperuture and temperature drop across the specimens. By con-
trast, similar braged panels, tested by SouthemResearch [nstitute employing
an ASTM C177 guarded hot plate appearstus, showed an increase in conductivity
with a correspounding incresse in hwt face temperature and temperature drop
across the specimen. In addition, values obtaipned by the vapor calorimeter
method proved to Le much higher than those obtained with the guarded hot
plate apparatus. However, different brazed honeycomd sandwich panels were
used in these two tests,

The discrepancies mentioned above led to a metallographic exsmination of

another breged honeycomb sandwich penel in an attempt to explain the heat
transfer characterietics of this type of comstruction.
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Visual exspipation of this pemel showed that a solid coluam of silver brazing
allcy extended campletely across the panel along the nodes of the honeycomb
cells. A portiom of this pamel was sectioned parallel to the faces at the
xidpoint of the thickness of the specimen and mounted for metallographic
study. This cross-section bhed an sppearsnce as showm in Figure h. The cross-
sectional ares of the silver brazing alloy in various nods areac of this sec-
tion is showm in Table II.

The cross-sectiomal area of the silver brazing alloy im the specimen exsained
proved to constitute approximately 21% of the total metallic cross-sectional
area of the core. Thearefore, the stainless steel honeycomb cell walls accounted
for 1.4%, the brazing alloy C.51%, and the air spaces 97.50% of the total

cross -cectional area of the core.

Simce the silver brazimg alloy conducts heat at a rate of approximately

20 times thet of the PH15-TMo steel and approximetely 10,000 times that of air,
a sigmificant smount of heat would be transferred across the silver brazimg
alloy in thewde areas.

The following calculations show that the brazing alloy, at 21% of the total
metallic cross-sectional area of the core, would conduct approximsately 7k%
of the total heat across the pamel at a hot face temperature of 600°F and a
cold face tempersture of 230°F:

l. Heat Flowv by Conduction:
Jka(ry -12)
t

Q

O
L}

rate of heat flow, Btu per hour >
thermal conductivity, Btu-in./ft.“-hr-°F
hot face temperature

cald face temperature

thickness
A = area

o X
Nf-‘.iﬁ
n h un

2590 x 0.023 x 0.21 x 3J0°F

a. Q(silver at 415°F) = 5.5

= G250 Btu

124 x 0.023 x 0.79 x 370°F

b. Q(PH15-TMo foil-415°F) = 0.5

= 1670 Btu
2. Heat flov by radistion and conduction in the cellular air spaces of
the homeycomdb core:
a. Radistionm:

Ql,2 = Ao (Tlh - T2h) -T-—-l-i——-l
= 4= .
€, €
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0
[

rate of heat flow, Btu per hour

constamt (0.173 x 10‘8)
temperature Lot face in °F
T» = tempereture cold face in °F

c 1 = exlssivity of inaside surfaces of hot and cold faces
and, (assumed to be 0.1 as these surfaces were highly
2 reflective)

W29
0

Q (air at L15°F) = (1)(0.173 x 10‘8)(10601‘ - 690")~i—-——-—-—
11
= 89 Btu

b. Coavection:

Q = (h)(ER)(Fe2)(T; - T,)

h = Ck [M] L

L 2

. °& P_Cp
where a Tl‘Te TR

rate of heat flow, Btu per hour

beet transfer coefficiemt, Btu/HR-Ft<-°F
gravity in f£t/hx<

natural convection constant

conductivity of air at L15°F, Btu/Hr-Ft-*F

W QR oo
LI B I

i}

T; = hot face temperature in °R
= cold face temperature in °R

£

L = characteristic length of core, ft.
£ = demsity im 1b/ft3

«£( = dynamic viscosity 1b/hr.-ft.

Cp = specific lLeat in Btu/lb.-°F

(1) Solving for a :

L (23AD(30%)  [(0.0u5P%) (0.215)]
1060 + 60 | (0.06k) (0.022)]

= 16.7 x 10%
(2) Solving for h : _ 1/k
h(air at 415°F) = (0.7)(0.022) [16-7 x 10 11060-6901:1

0.0113

= 4,16
*Value at 415°F for air at
atmosphsxic pressure. The
atmosphere and the pressure inside
the cells is unknown.
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(3) Solving for Q :
Q = (B)(ER)(F$)(Ty - Tp)
Q = (5.16)(1))(370°) = T

Then, percesnt of heat tramsfer by silver conduction

9250 .
%50 T B0+ B v s T ®

The unexpectedly large mmount of silver found in the nodes gave rise to
examimation of a longitudimal croes-section of a braged specimen. This
cross-section showed thet the silver brazimg alloy filleted at the butt-
Joints of the honeycomb foil - braziag alloy interface as shown in Figure 5.
The average height of the fillete wvas approximately 0.02" amd presemted
crogs ~eectional areas as shown in Table IIT. It is believed that the fil-
leting actiom of the silver braziag alloy will tepd to increase the thermal
conductance of a brazed panel by offering little resistance to heat flow
along the effective height of the fillet. However, this effect was not
included in the heat transfer calculations.

The comductivity of silver decreases with an increase in temperature and the
conductivity of steel increases with an incresse in temperature as showm in
Figure 6. Sipce the silver is the better conductor and the steel is of
greater volume, calculations show that the thermal conductivity of brazed
alloy panele is essentially a comstant value at various tempersture drops
vith various amounts of silver ia the cross-sectional area of the honeycomb
core (Figure 7).

It is believed that tbe amoumt of silver in the mode areas of the honeycomb
vill vary appreciablyfrom panel to panel and, perhapes, even in tl:e scame
panel. Simce the thermal comductivity of a honeycomb panel will depemnd, to
a large extent, upom the cross-sectiomal area of the silver at tie midpoint
of the thickneses of the homeycamb, the thermal conductivity may vary appreci-
ably from panel to panel. PFigure 3 was prepered to show the chanze in ther-
mal conductivity of brazed panels that would occur with & change of silver
brazing alloy.

S8



(€ amByy ?8s) saanjexedmry 208 PTOO POIOBIXOD
IIPIOOOY TRUWUWIFITN  (q)
JoTTOI3NO) SunjeJIedme], HOIJTUBT (%)

*

OL*TT *T22 qltt
26°01 *122 05t 0§52 8
2l'ot #£22 q58€
26°6 xE22 wO0h oLzt L
06°0T *T22 qOtt
on°ot #7122 g0SE o 9
S1°6 #522 Qo8
868 #5622 g006 065N 4
666 #0922 qO~8
s6°g Lo 8009 0LYY |
066 *922 qoLs
626 ¥922 w009 00%9 €
gE°6 *G22 g00 o€l 2
526 922 Dmbm
0g‘g %922 4009 0909 T
d~TH- 5
"uI-nad ‘ o toanans “OoN
* RATATIONPUOL) smisrednay, armaexadmo ], *xy/tad°bg/ng wny
Temzouy, ?0%d PTOD 308 J0H

SIVYVAY LILIAILOOAHOO TVIMAHL HILIWIHOIVD YAIVM AR DNIX0OIHE CINDNEIEQ SV
TANVd HOIMANYS CEZVHE V J0 XITALLONIOD IVIHMIHI HOd YIVA

I VL

59



TABLE II

CROSS -SECTT! AREA OF SILVER BRAZING ALLOY IN
'ORE_NODER A . KRR QF PANE
a1 Aversge Area of Silver
ver Area of Sivler in Triaagles of
A:z:: Triangular in Triangles Each Bods Exaxmined,
Jolnts In.< In.2
1 A 8.4 x 1073 11.7 x 107
B 15.0 x 1072
2 A 9.6 x 10~ 9.9 x 10~
B 10.2 x 10~
3 A 6.5 x 1077 5.8 x 1079
B 4.8 x 1077
Y A 7.2 x 10~ 6.3 x 1079
B 5.% x 10
5 A 2.9 x 1072 7.0 x 1079
B 11.1 x 1072
6 2 12.8 x 1079 10.0 x 10~
B 7.2 x 1079
7 A 10.7 x 10°3 9.0 x 10~2
B 7.2 x 107
8 A 13.2 x 107 10.8 x 1073
B 8.4 x 10>
9 A 2.4 x 105 8.% x 10-5
B 1h.% x 102
10 A 10.4% g 1072 12.0 x 10™2
B 13.6 x 10~
1 A 11.8 x 2072 12.h x 1072
B 13.0 x 107
12 A 7.2 x 1072 5.1 x 10™2
B 3.0 x 10~
13 A 1.3 x 1070 10.7 x 1079
B 7.0 x 10~
1k A 17.7 x 1072 10.9 x 102
B 4.0 x 107
15 A 13.0 x 1077 12.2 x 1070
B 1.4 x 107

Average area of silver triangles in all nodes examined = 9.5 x 10

A and B denote adjacent nodes. Section taken from approximstely the

middle of the core.

o
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TAHLE IIY

LONGITUDINAL CROSS-SECTIORAL AREA G¥ SILVER
BRAZING ALLOY FILLET APTER BRAZING

Silver Area of Silver Average of Silver
Node Triangular in Trieangles In Triangles of
Area > Rach Node Exmsdined
Joints In. 2
Ia.
1 A 1.5 x 10-% 1.5 x 10+
B 1.6 x 10')"
2 A 1.h x 1.0'11: 1.1 x 107
B 0.8 x 10~
3 A 2.0 x 1oj 1.5 x 107%
B 1.0 x 10
N A 1.6 x 10‘:: 1.3 x 1072
B 1.0 x 10~
5 A 2.2 x 101‘ 1.6 x 10‘1‘
E 0.9 x 10
Average srca of silver triangles in all nodes examined (bottom side)
L -4
= 1.4 x 10
1 A 1.9 x 10-1’1 0.7 x 10
B 0.6 x 10~
2 A 0.4 x 10:1’: 0.7 x 104
B 1.1 x 10
3 A 1.0 x 10-% c.8 x 104
2 0.5 x 10~%
h A 0.5 x 10‘_’1: 0.6 x 10"‘
B 0.7 x 10
5 A 0.9 x 10‘3 1.0 x 10°%
B 1.0 x 10”

Average area of silver triangles 13 all nodes examined (top side)

= 0.7 x 10

A and B denote adjacent nodes
Average height oftriangular fillet = 0,020"




FIGURE 1

CVC CALORIMETER TYPE THERMAL CONDUCTIVITY APPARATUS
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FIGURE 2

SCHEMATIC OF POWER CONTROL SYSTEM FOR
RADIANTLY HEATING BRAZED HONEYCOME PANEL
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FIGURE 4
APPEARANCE OF MIDSECTION OF BRAZED
HONEYCOMB CORE MATERIAL
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FIGURE 9
APPEARANCE OF LONGITUDNAL CROSS SECTION
OF BRAZED HONEYCOMB SANDWICH PANEL
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Physical Properties
Steel

COHROBION AND MATERIAL EVALUATION OF ALLOY STENL SAMPLED
SUPPLIED BY VANADIUM-ALLOYS 9TEN, COMPANY AND LATROBE STEEL COMPANY
A8 ALTERNATE MATERIALS FOR HYDRAULIC VALVES

INTRODUCTIOR

In an effort to alleviate the problems associated with manufacturing power
control servo-valves, two steel companies sulmitted samples of tool steels
for evaluation as possible replacements for the MC steel alloy now commctly
exployed. 7he steels sudmitted were MGR punch and die steel, Heat No. 3761D;
Olyrdc PM die steel, Heat No. 14908; Select B die steel, Heat No. 18088; Jet
Porge tool steel, Heat No. 30181 ; Vasco 7152 tool steel, Heat No. 28852; and
CK special tool steel, Heat No. 29660.

OBJECT

To determine corrveion resistance compered with 4A0C when tested accord-
ing to military specifications MIL-E-5272A, Amendment 1.

To determine microstructure for indication of effect of heat treatment on
mechanical properties.

CORCLUBIONS
The Jot Forge and Vasco 7152 steels exhibited corrosion properties com-
parable to AISI 4bOC. The corrosion pu-op.rue- of the other steels are
not equivalent to those of LhOC.
The precipitation of carbides in the grain boundaries of the two steels
after heat treatneut is not acceptable because of a reduction in the
resistance of the material to intergranular corrosioco.

MATERTAL AND SPECIMEMS

Material Heat Number
MGR punch and die steel 3761D
Olympic ™M die steel 14908
Select B die steel 18088
Jet Forge tool steel o8l
Vasco 7152 Tool steel 28852
CK Special tool steel 29660
PROCEDURES

Three-inch lengths ¢f the sample material were rough machined and heat
treated to the 300,000 psi range (Rockwell 58-60) using procedures
presented in Table I.

The heat treated samples were ground to a surface finish of RMB 32.

9



3. The samples were placed in a hmidity chamber for 240 hours at a
hurddity of 95% and temperatures as set forth by peragraph h.h.l of
military specification MIL-E-5272A, Amsndment 1.

RESULTS

Table I presents the heat treatment used on the corrosion specimens. The
camposition of the tool steels submitted for evaluation is presented in
Table II.

The samples of Vasco 7152 and Jet Forge steels sppeared to have better cor-
rc3ion resistance than any of the steels tested, and equal to that exhibdted
by AISI hhOC. However, the microstructure of the steels after bast treat-
ment 1s unsatisfactory because of the migratiom of carbides to the grain
boundaries. Although the coxroeion properties of the other steels were not
equal to those of MiOC, two of them did exhibit good microstructure after
heat treatment. Both of these steels have a uniform martinsitic micro-
structure wvith vell-distributed carbides and no evidence of grain boundary
outlining.

Jo



TABLE I

HEAT TREAMI'MENT USED ON TOOL STEEL CORROBION BPECIMENS

MGR OLYMPIC FM| SELECT B FM | JET FORGE|CK SPECIAL |VASCO 7152
Preheat 1250°F | 1200-50°F | 1200-1400°F 1550°F 1550°F 1550°F
Austenitize |[1825-50°F| 1825-50°F | 1725-1750°F 195°F | 1850-75°F | 1925-50°F
Time ot To=P- | 1nour | 1 hour 1 hour 3/b bour | 3/h hour | 3/k bour
Quench Air Alr Alr “Air Alr Alr
mm 400°F | 500°F 500°F 1000°F 350°F R5°F
Tempering 5+5hr.|5+5hr. |5+5 hr. S+ Shr.|6+6hr. | 6+ 6 hr.
TABLE II

COMPOSTTIOR OF TOOL STEELS SUBMITTED FOR EVALUATION
1 | MR 0.55 5.00Cr 1.20 Mo 1.20 W 0.30 Mn 0.95 Si
2 | Olympic ™ {1.50C 12.00Cr 0.75 Mo 1.00V 0.30 Mn 0.30 Si
3 | Select B 1.00C 5.25Cr 1.10 Mo 0.25V 0.70 Mn 0.30 Si
4L ] vaseo 7152 |1.70C 17.50Cr
5 Jet Forge 0.45¢ 8.00Cr
6 CK Special | 0.85C 10.75Cr

N



Physiceal Properties
Zirconia

ZIRCONIA MELTING POINT DETERMINATION

INTRODUCTION

One of the principal requirements of a material for nose cone application is
8 high melting point.. The purpose of this evaluatior is to determine the
melting point of & series of zirconle and zircon materials.

Twelve zirconia compounds and two zircon compounds were submitted to the
Structures Materiels Laboratory for evaluation in the 40O KW Plasma Arc
Facility.

OBJECT

To determine the meltirg point of several zirconie and zircon materials.
CONCLUSICON

The melting point of fourteen materials was determined and relative emissivity

values were calculated at the melting point. The melting point range of the

zirconia materials, was 4580 to 4800°F.

MATERIALS

The zirconis materials listed in Table I vere purchased from Zirconium Corporation
of America snd the Astroceram A and B materials were received from Instrumentatiom

Associates.
FROCEDURE

1. All specimens were tested in duplicate except the 5% yttria, 4% lime and
the Astroceram A and B cements.

2. The 0.5 inch diameter x 1.0 inch long specimens were mounted perpendicular
to the 40 KW plasma flame and heid in position with a zirconia brick.

3. ‘The temperature was measured using both the radiation and optical
pyrometers. The pyrometers were mounted as a single unit to allow the
instruments to be focused on approximately the same area.

. The torch was moved in at intervals of 0.06 inches when the temperature
approached the melting point.

a2



The melting point was defined as the flow of molten material at the
sample surface as observed through an optical pyrometer.

The relative emissivity was determined by:

(a) Measuring the temperature difference between the optical
and radiation pyrometers.

(v) Reading the emissivity off the parametric graph which vas
derived from the emissivity correction data for each of the
instruments.

RESULTS

The results of the proceeding test are tabulated in Table I.

1%



TABLE I

MELTING POINT DATA OF ZIRCONXIA AND ZIRCON MATERIALS

# Nozzle of

m WM—__—.—_’ .' |
| UMBER SAMPLE DESCRIPTION Wmm RADIATION BassIvITY
1 Zirconia +3% Ca0O - Coarse Molded L720 Lk 50 0.7h4
2 Zirconia +3% (a0 - Coarse Molded 4720 4400 0.70
3 Zirconia +4% Ca0 - Coarse Molded 4580 4190 0.64
L Zirconia +4$ Ca0 - Coarse Molded L6ho 4400 0.7
5 Zirconia +4% Ca0 - Coarse Extruded 4660 L400 0.79
é Zirconia +4% Ca0 - Coarse Extruded k64O 4300 0.69
7 Zirconia +4% CaQ - Fine Molded 4660 k225 0.62
8 Zirconir. +4% Ca0 - Fine Molded 4680 Lhy75 0.80
9 Zirconia +5% CaO - Coarse Molded L4660 450 0.80
10 Zirconia +5% Ca0 - Coarse Molded L640 L4oo 0.78
11 Zirconia +4% CaO +3% CeO, - Coarse
Molded 4680 4430 0.76
12 Zirconia +4+$ CaO +3% CeO_ - Coarse

2 Molded k680 4350 0.69
13 Zirconia +4% Ca0 - Cement Molded L68o 4350 0.66
1 Zirconia +3% Y03 - Coarse Molded L1760 4400 0.67
15 Zirconia 43% Y203 - Coarse Molded 4760 hio5 0.69

16 Zirconia +8% Y05 - Coarse Extruded L7ho * -

17 Zirconia +8% Y, Oy - Coarse Extruded 780 * -
18 Zirconia +12% Yp0, - Coarse Molded 4800 k325 0.60
19 Zirconia +12% Y03 - Coarse Molded 4800 475 0.70

20 Zirconia +5% Y203+3$ Ce0 - Coarse Molded 4760 * -

21 Zirconia +8% Y50, 43% CeO - Coerse Molded 4780 * -
22 Zirconia +8% Y505 - Cement Molded 4780 4600 0.82
23 Astroceram A - Cement 3820 3600 0.7Th
24 Astroceram B - Cement 3840 3625 0.75

b b A% N et i v L

torch blanked off radiation pyrometer
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Physical Properties
Zirconia

PHYSBICAL PROPERTY TESTS ON SINTERED ZIRCONIA

INTRODUCTION

To better aderstand the behavior of sintered zirconia at elevated temperastures,
the following properties need be obtained: apparent porosity, impervious vol-
ume, and bulk density. This data should be malle available so that a correlation
can be mads with thermal respomse and physical strength data.

Ultimately, parameters established on test data and physical property measure-
mexts would enasble design of thermal insulation systems.

OBJECT

To determine the paysical properties of zircoa sintered zircomia.
CONCLUSIORS

The apperent porosity, impervious volwse, and bulk density were successfully
determined for 20 zircomia materials.

MATERIALS

All msterials veasured were obtained from Zircoa Corpnration of Americs, Soloa,
Ohio. See Table I for tabulation of materials exmmined in this survey.

PROCEDURE

The procedures followed in this test are as ocutlined in reference (a). A com-
densed outline of this procedure i3 as follows:

A. Dry Weight, D ., Weight all specimen initially.

B. Impregnation with water. Boil welighed specimens in distilled water
for 5 hours. Allovw to cool and soak for an additional 24 hours.

C. Buspend Weight, 8 . Weight specimens immersed in wvater to obtain
saturated displacement weight.

D. Saturated Welight, V. Blot specimens lightly with a damp cloth to
remove excess water from surface and weigh.

E. Calculations wvere:
1. Exterior Volume, V cu. enm.
VeW-8
2. Volume of open pores and ixpervious portion

Volume of open pores, cu. cm. = W - D
Volume of impervious portiom, cu. em. = D - §

e
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3. Apperent Porosity, P .

4. Water Absorption, A .

A_W-D

x 100 = %

5. Apparent Specific Gravity, T.

D
T-D_s@/cu. cm.

6. Bulk Demsity, B .

D
B=g gms/cu. cm.

Conversion to lbs./cu. in. = 0.036 x gm/cu. cm.

REBULTS
1. Twenty of the 26 designated materials were measured by the ASTM procedure.

2. All pnysical property data are tabulated in Table I.
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DUYSICAL PROPERTY MEN
T T beseription T - 1
‘ e Acr 'P’t: Mmoo ! Dry Tmpersed Saturated ’ Bx
| Specimen ‘ ' Texture [Conzistensy Weight |Weight Weight i‘lo
| Stabilization Fabricatlon ; D {gm) (8 (gm) W (gm) ;v
HNS S U SO SR
1 5% Cad + Molded Coarse |Romogsnecus 15.05 |12.32 5.8 | 3
! | ‘ i
. 1
i. i 4% Ca0 Molded Courge iﬂomogeneous 17.Co {14.08 17.74 % 3
t ‘ ‘ | | !
i ; kg Caty ' Extruded ¥ine i’Hcmogeneous 12.21 } 9.89 12.22 P2
; 4% Ca0 2t —ded g Coarse | Homogeneons | 17.73  |1k.67 18.53 3
i ; ! : |
‘g . 3% Cap Nolded ! Comrse [Heterogeneous | 16.49 [13.59 L17.13 3
| ‘ | ;
| 1P YQOj o Miolded ) Coarge fﬁcmogeneaus f b6 {12.27 j 15.71 i3
* ’, ) % i : ! % |
! 3L Y0y L Extruded | Coarse { Homogeneous % 5.83 i b, 84 ‘ 6.21 C 1
t ' ‘ .
1 3% Yaly : Mo tled [ Courae | Heterogeneous ! 15.56 il’} .09 : 16.53 i3
| : - w’ " ’ E i
? 5 Y203 ‘ Cemant, ‘ i 32.93 (8.2 L 37.27 .9
' i ! ) i !
! . : J
| - 4% Cav ; Ceent : : 32.24 é%'ﬂ f 34.53 . 8
. K L3 ’ '
I } : j o ;
i ; 8% Y0, ' Mtruled | Fine iﬁmgcneous 5.80  L4.e6 | 5.81 1
5 | | | | | |
i . i o | : b ;
) 1 5% Cac T Molded ' Fine | Homogerneous | 1%.30 {ll&.:u ¢ 18.32 3
' ! ! | : .
: . 5% CaC | ixtruded | Fine  Homogeneous | 5.43 | h.bo 6 L 1
\ ‘ | : ! | 3 !
| i 43 Ca0 | Extrude: | Coarse }Homgencous 10.78 ¢ 8.0 f 11.26 o,
! | ! i ; ]
: | 4§ cac Molded | Fine fﬂmogenemm 21.2%  117.48 | 21.26 3.
! I ! | !
:r i 3% CaC Extruded | Coarse 'Homogeneous 7.35 6.13 ; 7.59 1.
i * 1 : i l
i 124 Y;O3 Extruded | Finpe jHomogeneous 7.29 | £.05 7.54 | 1.
: ! - i i |
? 3% 1203 truded ' Coarse {Heterogeneous 6.73 5.58 7.07 Co1.
| 1 ! ‘
! i hi CaO, i z '
| | 3% Ca0; Molded ' Course iHomogeneous [ 11.59 | 9.66 1245 | 2.
| 5 !
2» ’ b% Y?oj ; | !
? : 4% CatO2 i Molded Coarse !Homogeneous 17.09 slh.el 17.93 5 3.
| f SRR . | ! !
| | | a | |
. I I . S T S I G S
‘ i
% 4.
| | 17
1 |

-

ebBlLe 1

e




TARLE 1
PROPERTY MEASUREMENTS ¢ DATA
T I
Saturated | Exterior{ Volume of |Volume of
Weight { Volume Open Pores| Impervious
W (gn) VeWN-S | =W-D Fortions
! = D-§
b S S
15 .84 | 3.52 0.79 2.73
1778 i 3.66 0.68 2.98
1oL L 233 | oowr | 2.3
! | |
| 18.53 3.86 1 0.5 3.1
}
x ‘ ; :
| 17.13 © 3.5k | 0.6k | 2.9
z i
| 15.71 L3k 1,07 . 2.37
f f ;
i Ol 1e37 | 0.38 ! 0,99
! .
| 16.53 3h 073 2.7
i | :
; 37.27 0,15 3.3k 5.81
E .53 8.0 | 2.27 D 5.T3
| ' |
5.0 1.15 t 0.01 ; 1.14
!
i | i
b 18,32 3.68 g 0.0 3.66
‘ H
5 Lk 1.0 | 0.01 I 1.03
; | ,
P o1i.26 2.36 ; 0.48 © 1.8
1
: w
3 21.26 3.78 } 0.02 : 3.76
' ]
L 7.50 Lhe | 0.2k 1.2
I j ;
I 7.54 Ly 1 0.30 i 1.24
I 7.07 1.ka § C.34 bo1.15
i , |
! | 3 ‘
; 12.45 ;277 0 0.86 ©1.93
; ‘i |
! 1793 372 | v P
| | |
{ ! !
R i

M

i |
W
4

Apparent Void Apparent |Bulk
Poroaity Velume Specific {Density
P=W-D x 100| A=W-D x 10D Gravity D é%i 3
A D Twm D v lbs./in.
e s
22 .ko 5.25 5.51 L.28 .15k
18.58 | 3.9 5.2 | h.66 |68
0.43 0.08 5.26 5.24 .188
I 19.43 k.22 5.72 .61 166
18.08 3.88 5.69 | 466 :.L68
{ ‘ i
| 31.2 | 7.30 6.19 b8 sk
i
;2T Tk L 6.52 5.89 | b .26 154
| |
Io21.22 i L.62 5.83 . k.59 165
i 36.50 9.8k 5.64 L3m .13k
{
28.38 } 7.0b | 5.63 4.03  L1b5
. 0.87 i 0.17 5.09 5.0k 180
| |
2 0.54 ! Onll Sow u'97 ‘179
’ 1
% 0.96 0.18 5.27 5.22 .188
| 20.33 bas 5.73 L.57 .165
i 0.53 - 0.09 5.65 5.62 .203
| 16.41 3.27 5.92 5.02 .181
; 20.13 I 4,96 5.88 | 4.89 176
| 22.82 6.09 5.85 b.52 |16
| |
' 31.0 7.2 6.00 4.18 .150
%
1 02.58 k.92 5.93 k.59 167




